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ERRATUM. 

Page  428,  Fig.  3.  By  an  error  of  the  engraver,  instead  of  a  fac-simile  reproduction  of  the 
chest-tracing  as  called  for  by  the  text,  a  diagrammatic  copy  is  here  given.  In  consequence 
both  outlines  are  incorrectly  drawn,  and  the  enlargement  is  unfortunately  considerably 
exaggerated.  A  correct  tracing  will  be  found  in  the  article  as  printed  in  the  American 
Journal  of  the  Medical  Sciences  for  January,  1901. 
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Tuesday,  May  1st. 


The  Association  was  called  to  order  at  10.10  a.m.  by  President  Jane- 
way,  who  delivered  the  following  Introductory  Address  : 

For  the  fifteenth  time  it  devolves  upon  the  President  to  welcome  the 
members  of  the  Association  to  that  gathering  which  has  its  chief  interest 
in  meeting  those  engaged  in  like  work.  We  will  hear  from  them  that 
which,  during  the  year  past,  has  seemed  of  all  that  they  have  met  and 
observed,  the  most  fit  to  bring  before  colleagues  interested  in  learning 
some  new  fact  as  regards  the  old  diseases,  or  some  new  interpretation  of 
the  phenomena  of  those  maladies. 

Fortunately,  we  also  have  amongst  our  members  those  who  are  able  to 
give  themselves  up  to  the  study  of  pathology,  and  from  whom,  in  the 
past,  we  have  learned  much  of  the  pathological  processes  which  underlie 
diseases,  who  will  at  this  meeting  continue  their  good  work.  Of  late  we 
have  also  been  fortunate  in  having  members  who  have  given  anxious 
thought  to  the  chemical  side  of  the  study  of  the  alterations  of  disease, 
and  who  will  again  strive  to  enlighten  us  on  this  the  most  difficult  of 
the  questions  with  which  we  have  to  do.  Each  of  us  who  has  attended 
the  past  meetings  must  admit  having  received  much  of  benefit  from  the 
presentations  and  the  discussion  of  our  associates. 

Your  President  of  this  year  looks  back  with  regret  at  certain  of  the 
opportunities  which  he  wasted  in  the  past,  under  the  stress  of  his  pro- 
fessional work,  and  he  only  alludes  to  it  in  passing  that  he  may  stimu- 
late the  younger  members  to  so  arrange  the  year  that  they  may  find  the 
time  to  both  give  and  receive  knowledge,  thus  making  the  meetings  of 
this  Association  more  valuable  with  each  passing  year.  Let  us  each 
endeavor  to  make  this  Association,  so  far  as  in  us  lies,  as  regards  those 
matters  which  it  falls  under  our  province  to  consider,  the  equal  of  any 
and  the  inferior  to  none  throughout  the  world.  If  we  are  each  pos- 
sessed by  such  a  noble  spirit  of  rivalry  I  am  sure  that  our  Association 
will  not  only  maintain,  but  will  surpass  in  the  future  that  high  regard 
in  which  it  has  been  held. 

Your  President,  in  the  fear  that  not  enough  of  the  members  would 
bring  material,  sent  out,  as  you  know,  two  appeals.  Results  show  that 
he  was  not  sufficiently  aware  of  the  deep  interest  which  you  had  in  the 
success  of  our  meeting  in  this  the  year  of  the  Medical  Congress.  The 
calendar,  as  you  have  read,  is  more  than  full,  and  in  so  far  as  he  may 
have  been  responsible  for  this,  the  motto  that  "  brevity  is  the  soul  of 
wit "  is  forced  home  upon  his  inner  consciousness.    It  is  his  duty  as  well 
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as  his  privilege  to  so  allot  the  time  that  each  member  may  be  heard,  and 
not  himself  to  consume  such  time  by  his  general  introductory  remarks 
as  to  infringe  upon  that  which  is  the  moral  right  of  the  member  under 
the  circumstances.  But  for  this  he  would  have  been  tempted  to  touch 
upon  the  theme — Truth  in  Medicine.  This  could  have  been  handled 
under  such  heads  as  truth  in  statistics,  truth  in  diagnosis,  truth  in  thera- 
peutics, truth  in  pathology. 

Any  society  which  has  its  annual  meetings  in  the  City  of  Washing- 
ton, a  city  named  after  a  man  whose  name  could  stand  as  a  synonym  for 
truth,  should,  so  far  as  its  members  are  concerned,  need  no  other  reminder 
of  the  value  of  truth ;  nor  do  I  think  that  the  members  of  this  Associa- 
tion need  even  this  reminder,  for  I  take  it  we  are  all  seekers  after  truth. 

Would  that  all  who  come  to  Washington  could  be  so  impressed  by 
his  name  that  only  the  truth  should  be  spoken  in  this  city,  or  only 
honest  methods  followed  in  the  pursuit  of  power,  place,  and  gain. 

We  mourn  this  year  that  two  of  our  old  associates  can  no  more 
participate  in  these  meetings — each  has  been  conquered  by  death,  whose 
ravages  they  have  so  long  attempted  to  avert  for  others.  I  allude  to 
our  original  member,  J.  E.  Graham,  of  Toronto,  Canada,  and  to  D. 
W.  Prentiss,  of  Washington,  D.  C,  who  joined  in  1888.  It  would  be  a 
pleasant  memento  if  we  should  send  a  note  of  sympathy  to  those  rela- 
tives who  mourn  the  loss  of  noble  men,  our  former  associates. 

But  time  urges,  and  we  now  turn  to  the  work  of  the  Association. 

The  Secretary  read  the  names  of  those  nominees  that  had  been 
recommended  by  the  Council  for  election,  and  also  a  communication 
from  Dr.  W.  W.  Keen,  President  of  the  American  Medical  Association, 
in  regard  to  the  bill  (Senate  Bill  No,  34)  to  prohibit  vivisection  in  the 
District  of  Columbia. 

It  was  resolved,  on  motion  of  Dr.  Kinnicutt,  seconded  by  Dr:  Sternberg, 
that, 

"  Whereas,  The  Antivivisection  Bill,  now  designated  as  Senate  Bill 
No.  34,  has  been  again  introduced  into  Congress  by  Senator  Gallinger, 
the  Association  of  American  Physicians  hereby  renews  its  protest  against 
the  enactment  of  the  bill." 

Drs.  Wm.  H.  Welch,  A.  C.  Abbott,  and  W.  W.  Johnston  were 
appointed  a  committee  to  contest  the  passage  of  the  bill. 

It  was  resolved,  on  motion  of  Dr.  F.  C.  Shattuck,  seconded  by  Dr. 
Sternberg,  that  "  The  President  of  this  Association  be  authorized  and 
directed  to  execute  on  behalf  of  the  Association  a  petition  to  the  Con- 
gress of  the  United  States,  asking  for  relief  of  charitable,  religious,  and 
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educational  institutions  from  the  provisions  of  the  war  revenue  act  of 
1898,  by  which  a  tax  is  imposed  on  legacies  left  to  such  institutions." 

The  Treasurer  then  read  his  annual  report,  which  was  referred  to  an 
Auditing  Committee,  consisting  of  Drs.  Gary  and  Northrup 

Dr.  James  B.  Herrick  read  a  paper  on  "  Oasts  in  the  Urine  during 
Diabetic  Coma,"  and  one  on  "The  Occasional  Low  Specific  Gravity  of 
Diabetic  Saccharine  Urine,"  which  were  not  discussed. 

Dr.  James  J.  Putnam  read  a  paper  by  himself,  and  Dr.  F.  Pfaff  read 
one  entitled  "Gommunication  on  the  Relation  of  Uric-acid  Secretion  to 
Epileptic  Attacks,"  which  was  not  discussed. 

Dr.  Gharles  G.  Stockton  read  a  paper  entitled  "  Report  of  a  Gase  of 
Acute  Ascending  Paralysis  Showing  Hsematoporphyrinuria,"  which  was 
discussed  by  Drs.  Putnam  and  Janeway. 

Dr.  A.  0.  Abbott  read  a  paper  entitled  "  The  Relative  Infrequency 
of  Acute  Transmissible  Diseases  during  the  First  Year  of  Ghildhood, 
with  a  Discussion  of  the  Probable  Reasons  for  the  Same,"  which  was 
discussed  by  Drs.  Trudeau  and  G.  B.  Shattuck. 

Dr.  J.  P.  0.  Griffith  read  a  paper  entitled  "  Recurrent  Vomiting  in 
Childhood,"  which  was  discussed  by  Drs.  Stockton,  Johnston,  Kinnicutt, 
JForchheimer,  F.  0.  Shattuck,  and  Griffith. 

Dr.  E.  L.  Trudeau  read  a  paper  entitled  "  Sanitarium  Treatment  of 
Pulmonary  Tuberculosis,  and  its  Results,"  which  was  discussed  by  Drs. 
Bridge,  Oohen,  and  Trudeau. 

The  Secretary  read  a  paper  by  Dr.  Herter  entitled  "  The  Origin  of 
Oxaluria  from  Fermentation  in  the  Gastro- enteric  Tract,"  which  was 
discussed  by  Dr.  Tyson. 

Dr.  Kinnicutt  exhibited  a  specimen  of  "  Acute  Phlegmonous  or  Sup- 
purative Gastritis,"  which  was  discussed  by  Drs.  Welch  and  Janeway. 

Adjourned  at  12.40  p.m. 

Wednesday,  May  2d. 

The  Association  was  called  to  order  at  10.10  a.m.  by  President 
Janeway. 

The  following  nominees,  recommended  by  the  Council,  were  elected 
members  of  the  Association : 

Drs.  L.  E.  Holt,  Henry  Koplik  and  James  Ewing,  of  New  York ; 
Dr.  George  G.  Sears,  of  Boston ;  Dr.  F.  G.  Novy,  of  Ann  Arbor,  and 
Dr.  Henry  Sewall,  of  Denver. 

Dr.  J.  H.  Wright  gave  a  lantern-slide  exhibition  of  "  The  Organism 
and  Lesions  of  Actinomycosis."  A  number  of  lantern-slides  were 
shown  with  the  aid  of  the  stereopticon.     These  were  designed  to  illus- 
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trate  the  morphology  and  cultural  characteristics  of  actinomycosis  and 
also  the  histology  of  the  lesions  produced  by  this  parasite  in  the  various 
organs  and  tissues  of  the  human  body.  Attention  was  called  to  the 
fact  that  probably  many  cases  of  human  actinomycosis  go  unrecognized. 

Dr.  Hektoen  gave  a  lantern-slide  exhibition  of  "A  New  Pathogenic 
Fungus  (Sporothrix  of  Schenck)."  These  papers  were  discussed  by 
Drs.  Flexner,  Da  Costa,  and  Hektoen. 

Dr.  Cabot  read  a  paper  entitled  "  Some  Conclusions  Arrived  at  After 
a  Study  of  One  Hundred  and  Ten  Cases  of  Pernicious  Anaemia." 

Dr.  Billings  read  a  paper  entitled  "  Keport  of  Cases  of  Pernicious 
Anaemia,  with  Special  Reference  to  the  Blood  Findings." 

Dr.  Henry  read  a  paper  entitled  "  Clinical  Notes  on  Cases  of  Per- 
nicious Anaemia."  These  papers  were  discussed  by  Drs.  Cabot,  Kinni- 
cutt,  Hare,  Thomson,  McPhedran,  Mitchell,  Stockton,  Thayer,  Da  Costa, 
Herrick,  and  Henry. 

Dr.  Mallory  read  a  paper  entitled  "  Proliferation  and  Phagocytosis," 
which  was  discussed  by  Drs.  Welch  and  Mallory. 

Dr.  Thayer  read  a  paper  entitled  "A  Report  of  Two  Cases  of  Chronic 
Diarrhoea  Associated  with  the  Presence  of  the  Strongylus  Intestinalis 
(Anguillula  Steroralis),"  which  Was  discussed  by  Drs.  Cabot  and  Styles 
(by  invitation). 

Adjourned  at  1.20  p.m. 

Thursday,  May  3d — Morning  Session. 

The  Association  was  called  to  order  at  10.10  a.m.  by  President 
Janeway. 

Dr.  Councilman  read  a  paper,  written  by  Drs.  Lothrop  and  Pratt, 
entitled  "  Case  of  Filarise,  with  Specimens  of  the  Adult  Parasite,"  which 
was  not  discussed. 

Dr.  Park  read  a  paper  entitled  "  The  Elimination  of  Deleterious  Sub- 
stances from  Antitoxic  Sera,"  which  was  discussed  by  Drs.  Peabody, 
Meltzer,  and  Park. 

Dr.  Wesbrook  read  a  paper,  prepared  by  himself  in  collaboration  with 
Drs.  Wilson  and  McDaniel,  entitled  "Further  Studies  on  the  Mor- 
phology of  Bacillus  Diphtherise,"  which  was  discussed  by  Drs.  Abbott, 
Park,  and  Wesbrook. 

The  Auditing  Committee  reported  they  had  examined  the  Treasurer's 
report  and  vouchers,  and  found  them  to  be  correct. 

Dr.  Johnston  presented  a  case  of  "Addison's  Disease  under  Treatment 
with  Suprarenal  Extract." 

Dr.  Welch  read  a  paper  entitled  "Venous  Thrombosis  as  a  Complica- 
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tion  of  Cardiac  Disease,"  which  was  discussed  by  Drs.  KiDnicutt,  Gary, 
and  Welch. 

Dr.  Flexner  read  a  paper  entitled  "The  Nature  of  the  New  Tissue 
in  Cirrhosis  of  the  Liver,  and  its  Distribution,"  which  was  discussed  by 
Dr.  Shattuck. 

Dr.  Fitz  read  a  paper  entitled  "  Cystoma  of  the  Pancreas,"  which  was 
not  discussed. 

Dr.  Cary  read  a  paper  entitled  "Degenerated  Echinococcus  Cysts  of 
the  Pleura,"  which  was  discussed  by  Dr.  Vickery. 

Dr.  Stengel  read  a  paper  entitled  "Aneurism  of  the  Aorta,  with  Rup- 
ture into  the  Superior  Vena  Cava,  Recognized  during  Life,"  which  was 
not  discussed. 

Dr.  Robinson  read  a  paper  entitled  "  Minor  Forms  of  Cardiac  Dila- 
tation," which  was  not  discussed. 

Adjourned  at  1.15  p.m. 

Afternoon  Session. 

The  Association  was  called  to  order  at  2.40  p.m.  by  President  Janeway. 

Dr.  Thomson  read  a  paper  entitled  "  Graves'  Disease  without  Exoph- 
thalmic Goitre,"  which  was  discussed  by  Drs.  Edes,  Thomson,  Janeway, 
McPhedran,  and  Thomson. 

Dr.  Fussell  read  a  paper  entitled  "  Perichondritis  of  the  Larynx  in 
Typhoid  Fever,  with  Exhibition  of  a  Patient  and  a  Specimen,"  which 
was  not  discussed. 

Dr.  Hare  read  a  paper  entitled  "  The  Attitude  of  the  Physician  and 
Surgeon  to  Appendicular  Symptoms  Complicating  Typhoid  Fever," 
which  was  not  discussed. 

Dr.  Van  Gieson  read  a  paper  entitled  "  Observations  on  Appendicitis," 
which  was  not  discussed. 

Dr.  Bridge  read  a  paper  entitled  "  Observations  on  Human  Tempera- 
ture in  Disease,"  which  was  not  discussed. 

Dr.  J.  K.  Mitchell  read  a  paper  entitled  "  Study  of  a  Mummy  Affected 
with  Infantile  Paralysis,"  which  was  not  discussed. 

Dr.  Edes  exhibited  "A  New  Modified  Sphygmograph." 

During  the  meeting  the  following  papers  were  read  by  title : 

"An  Experimental  and  Clinical  Study  of  Acid  Intoxications,"  by  C. 
A.  Herter. 

"  The  Existence  of  Bacteria  in  Normal  Tissues,"  by  J.  G.  Adami,  for 
W.  Ford,  of  Montreal. 

"  Subpectoral  Abscess,"  by  J.  H.  Musser. 

"  Stone  in  the  Kidney,  and  Conditions  Simulating  It,"  by  D.  D.  Stewart. 
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"  Graves'  Disease  without  Exophthalmic  Goitre,"  by  D.  D.  Stewart. 

'*  The  Circular  Fibres  of  the  Heart  (Mitral  Sphincter)  as  a  Factor  in 
Functional  Disturbances  of  the  Heart  with  Mitral  Insufficiency,"  by 
Morton  Prince. 

"  Would  it  Not  be  a  Gain  both  to  Pathology  and  Practice  if  a  Direct 
Interaction  between  the  Morbific  Agent  (Noxa)  and  the  Reparative 
Effort  were  Recognized,  and  the  Conception  of  an  Intermediate,  So- 
called  Inflammatory  Process  Abandoned  ?"  by  A.  H.  Smith. 

"  The  History  of  a  Case  of  Circumscribed  Scleroderma,"  by  S.  B. 
Ward. 

"  Clinical  Types  of  Uric-acid  Diathesis ;  Treatment "  (completion  of 
paper),  by  I.  N.  Danforth. 

"  Sarcoma  of  the  Stomach,"  by  George  Dock. 

"A  Case  of  Multiple  Fibromas  of  the  Nerves,  with  Arthritis  Defor- 
mans," by  L.  Hektoen  and  R.  B.  Preble. 

"  Multiple  Myeloma,"  by  J.  H.  Wright. 

"The  Urea  Content  of  the  Blood  in  Cases  of  Nephritis,"  by  J.  S. 
Thacher. 

"A  Study  of  Twenty-four  Cases  of  Typhoid  Fever  with  Symptoms  of 
Peritoneal  Infection ;  Laparotoniy,"  by  F.  C.  Shattuck,  for  G.  B.  Shat- 
tuck,  J.  C.  Warren,  and  F.  Cobb,  Committee  of  Boston  Society  of 
Medical  Improvement. 

The  following  ojficers  were  elected  : 
President — Wm.  H.  Welch. 
Vice-President — H.  P.  Walcott. 
Secretary — Henry  Hun. 
Treasurer — J.  P.  Crozer  Griffith. 
Recorder — I.  Minis  Hays. 
Councillor — W.  W.  Johnston. 

It  was  resolved  that  the  Secretary  be  directed  to  convey  to  the  Cosmos 
Club  the  thanks  of  the  Association  for  the  use  of  the  hall  in  which  the 
meetings  had  been  held. 

It  was  resolved  that  the  thanks  of  the  Association  be  tendered  to 
President  Janeway  for  his  efforts  and  labors  to  promote  the  success  of 
the  meeting,  which  have  been  so  brilliantly  crowned  with  success. 

It  was  resolved  that  the  sum  of  twenty-five  dollars  be  appropriated 

from  the  treasury  to  help  defray  the  expenses  of  the  American  Committee 

of  the  Thirteenth  International  Medical  Congress. 

Adjourned  at  4.30  p.m. 

HENRY  HUN, 

Secretary. 


PAPERS. 


NOTICE 


The  Association  assumes  no  responsibility  for  the  statements  and 
opinions  expressed  in  the  papers  read  at  its  meetings. 


NOTES   ON  DIABETES. 


By  JAMES  B.  HERRICK,  M.D., 

OP  CHICAGO. 


1.  On  Casts  in  the  Urine  during  Diabetic  Coma. 

A  SMALL  amount  of  albumin  and  a  few  casts  are  not  uncommon  in 
the  urine  of  many — according  to  some,  of  most — cases  of  diabetes 
mellitus.  Cardiovascular  changes  or  ursemic  symptoms  may  give 
evidence  of  a  true  chronic  diffuse  or  chronic  interstitial  nephritis,  and 
explain  the  persistence  of  albumin  and  casts.  During  or  just  preceding 
diabetic  coma,  however,  casts  may  suddenly  appear  in  such  extra- 
ordinary numbers  as  to  deserve  mention.  E.  Kiilz^  and  Aldehoff^ 
were  the  first  to  notice  this  phenomenon.  Sandmeyer  made  a  report 
on  it  in  1891  to  the  Tenth  Congress  of  Internal  Medicine.  Mering, 
Rumpf,^  Nebelthau/  and  Williamson  confirmed  it.  It  had  been  previ- 
ously noticed  that  in  some  cases  of  diabetic  coma  casts  were  present, 
but  it  was  apparently  regarded  as  accidental.  Since  my  attention  was 
called  to  this  phenomenon  by  reading  Williamson's^  work  I  have  seen 
it  in  all  of  three  cases  where  I  have  sought  for  it.  If  the  urine  ob- 
tained as  coma  approaches  be  allowed  to  stand  for  a  few  hours,  a  light, 
hazy,  grayish  or  slightly  yellowish  sediment  will  be  seen  at  the  bottom 
of  the  sediment  glass,  rising,  perhaps,  to  one-sixth  the  height  of  the 
urine.  The  same  sediment  is,  of  course,  obtainable  by  means  of  the 
centrifuge.  This  sediment  will  be  found  to  consist  almost  entirely  of 
short,  broad,  light-colored,  finely  granular  casts.     There  is  no  relation 


1  C.  Kulz,  Inaug.  Dis,,  Marburg,  1895,  reports  ten  cases  of  E.  KUlz's  in  which  this  phenomenon 
was  observed. 

2  Aldehoff,  in  Kiilz's  Klinische  Erfahrungen  ueber  Diabetes  Mellitus,  Jena,  1899,  p.  458. 
8  Rumpf.    Ueber  Diabetes  Mellitus,  Berl.  klin.  Woch.,  1895,  No.  31, 

*  Nebelthau.    Berl.  klin.  Woch.,  1896,  No.  34. 

5  Williamson.    Diabetes  Mellitus  and  Its  Treatment.    Edinburgh,  1898.  pp.  178  and  286. 
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between  the  amount  of  albumin  and  the  number  of  these  casts.  In 
several  cases  Williamson  watched  the  urine  carefully  for  days  before 
the  onset  of  the  coma,  but  no  deposit  was  seen  until  just  before  the 
symptoms  of  coma  commenced.  The  casts  may  appear  twenty-four 
hours  in  advance  of  coma  and  thus  give  warning  of  its  approach.  In 
cases  of  coma  with  recovery,  casts  have  been  known  to  make  their 
appearance  with  the  manifestations  of  coma,  and  have  disappeared  as 
the  symptoms  have  vanished.  Aldehoff  ^  has  seen  them  appear  within 
three  hours  in  the  urine  of  a  diabetic  who  returned  from  a  fatiguing 
walk,  with  a  rapid  pulse,  oppression  in  the  chest,  labored,  deep  breath- 
ing—  in  short,  what  seemed  to  Aldehoff  as  threatening  coma.  The 
urine  contained  numerous  "  coma-casts."  The  urine  passed  three 
hours  before  had  been  free  from  such  casts.  The  patient  recovered 
and  the  casts  disappeared. 

The  cases  I  have  examined  were  as  follows  : 

Case  I. — A  man,  aged  sixty-five  years,  seen  with  Dr.  Wynekoop.  He  had 
not  consulted  a  physician  for  years  until  a  few  days  before,  when  he  had  gone 
to  Dr.  Wynekoop,  who  found  sugar,  the  first  knowledge  of  the  existence  of 
diabetes.  Questioning,  however,  revealed  the  fact  that  the  subjective  symp- 
toms of  diabetes  dated  back  for  more  than  a  year.  When  I  saw  him  coma 
was  advancing.  Urine  was  obtained  by  the  catheter,  and  showed,  in  addition 
to  the  ordinary  findings  of  the  urine  of  diabetic  coma,  the  sediment  of  finely 
granular  casts  above  described.  In  this  case,  a  large  drop  of  urine  being 
examined  with  a  low  power,  and  no  cover-glass  being,  used,  they  were  seen 
piled  against  and  across  one  another  like  sticks  in  a  loose  woodpile.  There 
was  but  a  trace  of  albumin.-  Death  occurred  in  less  than  twenty-four  hours 
after  the  specimen  was  obtained. 

Case  II.-— An  old  lady,  aged  eighty-four  years,  whose  husband  had  died 
of  diabetes  seven  years  before,  consulted  me  because  of  sleeplessness  and 
mental  depression.  There  were  thirst,  weakness,  and  furuncles.  Sugar  was 
abundant  in  the  urine.  Three  weeks  later  a  fatal  coma  developed.  Enor- 
mous numbers  of  granular  and  hyaline  casts  were  present,  as  in  the  previous 
case ;  albumin  was  but  slight  in  amount. 

Case  III. — In  a  third  case,  seen  with  Dr.  Pigall,  a  woman  of  about  sixty 
years,  who  had  been  told  three  years  before  that  she  had  sugar  in  the  urine, 
became  dull,  dyspnoeic,  had  several  convulsions,  followed  by  coma  and  death. 
There  was  no  paralysis.  The  urine  was  loaded  with  sugar  and  albumin  and 
contained  very  large  numbers  of  casts.  This  may  be  an  instance  of  ursemic 
coma  or  a  mixture  of  the  uraemic  and  diabetic. 

1  Aldehoff.   Loc.  cit. 
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This  phenomenon  may,  as  AldehoiF  and  Williamson  claim,  be  of 
value  in  the  early  diagnosis  of  coma.  With  suspicious  symptoms  it 
might  well  be  a  confirmatory  test,  and  it  might  enable  the  physician, 
by  early  treatment,  to  secure  at  least  a  temporary  recovery.  Naunyn, 
while  admitting  the  presence  of  casts  during  coma,  is  rather  skeptical 
regarding  their  occurrence  in  the  enormous  numbers  Kiilz  described, 
and  especially  as  to  their  frequent  appearance  in  the  prodromal  stage. 
Even  though  later  investigation  may  show  that  in  other  forms  of 
coma  there  may  be  similar  casts,  the  value  in  the  early  recognition  of 
diabetic  coma  is  not  lessened.  Upon  just  what  pathological  condition 
it  depends  is  unknown.  It  is  possible  or  even  probable  that  the  kid- 
neys during  coma  are  overpowered  by  the  attempt  to  eliminate  some 
toxic  substance,  be  it  acetone,  diacetic  acid,  or  oxybutyric  acid,  and 
that  there  are  rapid  changes  in  the  kidneys,  such  as  have  been  noted 
by  many  observers,  especially  the  fatty  degeneration  and  the  altera- 
tions in  the  loop  of  Henle,  and  that  because  of  these  renal  changes 
cylindruria  results.  As  Rump  f  expresses  it,  there  is  a  destruction  of 
the  secreting  epithelium  that  in  the  elimination  of  the  toxic  products 
of  tissue-change  suddenly  gives  way. 

2.  On  the  Occasional  Low  Specific  Gravity  of   Saccharine 

Diabetic  Urine. 

The  specific  gravity  of  the  urine  in  diabetes  generally  rises  with 
the  amount  of  urine  and  the  percentage  of  sugar.  So  true  is  this  that, 
given  the  specific  gravity  and  the  amount  of  urine,  approximate  quan- 
titative estimate  of  the  sugar  can  be  made  by  empirically  constructed 
tables.  Yet  the  specific  gravity  of  the  sugar- containing  urine  may  be 
so  influenced  that  it  is  lowered  below  the  average  of  saccharine  urine 
or  even  that  of  normal  urine.  A  close  study  of  cases  of  diabetes 
shows  that  at  times  diabetics  may  pass  urine  that  contains  sugar  and 
that  has  a  specific  gravity  as  low  as  1020,  or  much  less.  This  does 
not  include  the  polyuria  with  low  specific  gravity  that  sometimes  pre- 
cedes diabetic  glycosuria  or  persists  after  convalescence  and  after 
sugar  has  disappeared.  Polyuria  may  occur  because  of  the  develop- 
ment of  a  chronic  interstitial  nephritis,  in  which  case  the  urine  will 

1  Naunyn.    Diabetes  Mellitus,  p.  293.    Nothnagel's  System. 
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show  albumin  and  casts,  but  will  at  the  same  time  contain  sugar  and  be 
of  lower  specific  gravity.  In  fact,  some  go  so  far  as  to  say  that  when 
in  diabetes  mellitus  the  specific  gravity  falls  below  1020  one  should 
always  suspect  the  beginning  of  an  interstitial  nephritis.  In  these 
cases  later  the  sugar  may  be  reduced  to  a  minimum  or  entirely  disap- 
pear. Thus,  April  26, 1900, 1  examined  a  man,  fifty-four  years  of  age, 
with  typical  history  of  thirst,  excessive  appetite,  emaciation,  weakness, 
polyuria,  and  glycosuria.  He  was  then  on  diabetic  treatment  by  his 
physician.  His  total  urine  for  twenty-four  hours  was  1500  c.c. ;  spe- 
cific gravity,  1012.  It  contained  a  trace  of  sugar,  albumin,  and  a  few 
granular  casts.  There  was  beginning  consolidation  of  the  right  apex. 
Here  the  nephritis  apparently  lowered  the  specific  gravity. 

Striimpell  says  that  in  those  who  are  very  weak  the  specific  gravity 
may  fall  below  1020. 

The  drinking  of  large  amounts  of  water  or  other  liquid  may  lower 
the  specific  gravity  in  a  marked  manner.  A  patient  of  mine,  fifty- 
eight  years  of  age,  with  well-marked  diabetes,  drank  large  quantities 
daily  of  a  mineral  water  of  supposed  curative  properties.  The  specific 
gravity  of  the  urine  for  days  was  never  over  1019,  and  was  often  1015 
to  1018,  yet  the  test  for  sugar  was  always  strongly  positive.  An- 
other patient,  a  fleshy  man,  aged  fifty-five  years,  under  observation 
for  nearly  a  year,  with  typical  manifestations  of  diabetes  of  the  obese 
adult,  came  into  my  office  one  day  partially  intoxicated,  and  soon 
asked  for  a  urinal.  He  passed  about  twenty-four  ounces  of  urine, 
which  I  immediately  tested  for  sugar.  There  was  a  prompt  reaction. 
The  specific  gravity  of  the  specimen  tested  by  diiferent  urinom- 
eters,  and  by  another  physician  as  well  as  myself,  was  1004.  The 
patient  had  been  drinking  beer  with  some  friends  all  the  morning,  an 
explanation  of  the  intoxication,  the  polyuria,  and  the  low  specific 
gravity. 

On  looking  up  the  subject  I  find  that  even  lower  specific  gravities 
than  this  are  reported  as  occasionally  met  with.  In  one  of  Kiilz's 
series  of  224  cases,  27,  or  12  per  cent.,  showed  at  times  a  specific 
gravity  of  less  than  1010.  In  one  case  it  was  as  low  as  1003.  Eich- 
horst  says  that  once  in  a  while  a  specific  gravity  as  low  as  1008  or 
1002  is  seen.  The  latter  case  is  perhaps  the  one  Waterman  reported 
in  the  New  York  Medical  Record  in  1882.  Naunyn  found  a  spe- 
cific gravity  of  1003  in  spite  of  over  1  per  cent,  of  sugar ;  and  many 
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other  cases  with  occasional  specific  gravities  below  1010  are  reported. 
The  lesson  is,  therefore,  plain  that  the  only  safe  way  is  to  examine 
every  urine  for  sugar,  even  that  of  low  specific  gravity.  One  patient 
may  be  in  the  incipient  stage  of  a  complicating  chronic  nephritis,  may 
be  weak  and  debilitated,  or  may  have  been  consuming  large  amounts 
of  liquids,  any  one  of  which  circumstances  may  tend  to  lower  the  spe- 
cific gravity  of  the  sugar-containing  urine.  And  the  importance  of 
this  fact  to  the  life  insurance  examiner  needs  no  elucidation.  That 
some  companies  to-day  require  the  examiner  to  test  for  sugar  only 
when  the  specific  gravity  is  above  1020,  or  perhaps  1015,  shows  that 
the  occasional  occurrence  of  saccharine  urine  of  low  specific  gravity  is 
not  as  freely  recognized  as  it  should  be. 


REPORT    OF    A    CASE    OF  ACUTE    ASCENDING   PAR- 
ALYIS,  SHOWING  H^MATOPORPHYRINURIA. 


By  CHARLES  G.  STOCKTON,  M.D., 

OF  BUFFALO. 


The  patient,  aged  twenty- seven  years,  was  a  domestic.  Her  father,  when 
past  middle  age,  died  of  some  unknown  cause,  the  mother  and  one  brother  of 
tuberculosis ;  three  sisters  are  alive  and  well.  Previous  to  the  past  two  years 
the  patient  had  lived  for  six  years,  in  the  family  of  a  physician,  and  it  is 
known  that  she  was  well  and  strong.  For  two  years  past  she  had  over- 
worked and  felt  that  she  was  losing  her  health.  She  had  decreased  twenty 
pounds  in  weight,  but  there  was  no  specific  disease.  About  a  year  ago  she 
had  obstipation  of  the  bowels,  and  at  one  time  went  without  an  evacuation 
for  fourteen  days.  In  the  early  part  of  August  last  she  became  nervous  and 
irritable,  and  was  so  anaemic  that  her  employer  requested  Dr.  Albert  E. 
Woehnert  to  examine  her.  The  girl  appeared  to  be  hysterical,  and  the  other 
servants  complained  that  she  disturbed  them.  At  night  she  tossed  about  in 
sleep  and  arose  tired  in  the  morning.  Although  she  complained  of  a  dis- 
agreeble  taste,  the  appetite  was  good,  tongue  clean,  and  bowels  regular.  The 
pulse  was  80  and  the  temperature  99.2°.  Simple  nervines  were  administered 
and  her  temperature  carefully  recorded  morning  and  evening  for  a  week. 
The  highest  point  reached  was  99.4°.  The  urine  was  of  a  very  dark  color, 
acid,  free  from  sugar,  contained  a  trace  of  albumin,  and  was  microscopically 
negative.  Alkalies,  alteratives,  and  nervines  were  given.  The  girl  went  into 
the  country  and  returned  on  the  28th  of  August  somewhat  improved,  having 
gained  several  pounds  in  weight,  and  declared  that  she  was  much  better. 
On  the  4th  of  September  she  was  feeling  well,  but  still  complained  of  a  dis- 
agreeable taste  in  the  mouth. 

On  September  7th  she  came  to  the  doctor's  office  and  complained  of  pain 
in  the  back  and  abdomen.  She  was  again  nervous  and  was  now  unable  to 
sleep.  He  prescribed  sodium  salicylate  and  sulphonal,  three  doses  of  five 
grains  each  ;  but  these  were  vomited.  Next  day  she  was  no  better  and  had 
not  slept.  On  September  29th  the  patient  was  still  sleepless,  nervous,  and 
the  pain  in  the  back  continued.  Pulse  ranged  between  50  and  64.  She  had 
vomited  a  little  and  the  bowels  were  constipated ;  the  urine  was  of  claret 
color,  1025  specific  gravity,  contained  neither  albumin  nor  sugar ;  indican,  a 
small  trace ;  it  was  highly  acid,  and  negative  microscopically. 
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The  patient  was  sent  to  the  Riverside  Hospital,  where  she  remained  for 
one  week,  during  which  time  she  was  restless,  slept  little— not  at  all  during 
the  first  three  days— and  complained  of  her  stomach.  Sulphonal  (15  grains) 
the  first  night,  and  trional  (15  grains)  the  second  night,  failed.  These  drugs 
thereafter  were  not  given,  and  some  rest  was  obtained  from  morphine  and 
the  bromides.  Asafoetida  and  valerian  were  also  administered,  and,  appar- 
ently, with  benefit.  On  the  14th  of  September,  against  the  protests  of  the 
hospital,  she  went  home,  where  her  temperature  was  still  carefully  taken. 
It  showed  but  little  variation,  and  the  patient's  condition  could  not  be  ex- 
plained. Incipient  tuberculosis  was  suspected.  Physical  examination  of 
the  chest  showed,  on  inspection,  equal  and  good  expansion  on  both  sides, 
anteriorly  and  posteriorly.  The  vocal  fremitus  was  normal,  slightly  greater 
in  the  upper  right  chest.  On  percussion,  the  note  was  slightly  higher  pitched 
in  the  same  region ;  posteriorly  there  was  no  difference.  On  auscultation, 
the  expiration  was  prolonged  in  the  right  supraclavicular  and  infraclavicular 
regions.  There  were  no  rales,  although  faint  crackling  was  heard  at  the  left 
apex.  The  first  sound  of  the  heart  was  weak,  and  the  second  pulmonic  sound 
was  over-accentuated.  The  physical  signs  were  otherwise  normal.  The  liver 
and  spleen  were  of  normal  size ;  the  lower  border  of  the  stomach  was  two 
inches  below  the  xiphoid.  The  stomach  contents,  examined  two  and  one- 
half  hours  after  a  breakfast  of  finely  chopped  beefsteak  with  stale  roll  and 
butter,  showed  three  ounces  of  well-digested  contents,  with  free  HCl,  0.05  per 
cent.,  total  acidity  80,  and  a  good  biuret  reaction,  some  undigested  starch,  no 
lactic  acid,  good  motion  and  good  absorption.  At  this  time  were  passed 
700  c.c.  of  urine  in  twenty-four  hours — acid,  claret  color,  1020  specific  gravity, 
a  trace  of  albumin  and  indican,  but  no  sugar,  and  it  was  negative  micro- 
scopically. The  further  examination  of  the  abdomen  showed  that  it  was 
not  distended,  nor  tender  on  pressure.  She  had  an  excited  and  apprehensive 
appearance ;  her  pupils  were  dilated ;  she  was  very  nervous  and  slept  only . 
when  under  the  influence  of  morphine  or  the  bromides.  The  urine  continued 
of  a  claret  color.  The  patient  occasionally  seemed  to  wander  in  her  mind. 
She  said  she  had  no  sensation  in  the  buttocks  when  sitting  down.  This 
region  was  found  to  be  anaesthetic.  She  soon  defecated  and  urinated  uncon- 
sciously and  involuntarily. 

The  patient  was  so  excited  and  restless  at  home  that  on  September  18th 
she  was  sent  to  the  Buffalo  General  Hospital,  a  diagnosis  not  having  been 
made.  When  she  entered  the  hospital  she  gave  a  history  of  stomach  trouble 
dating  from  the  middle  of  August.  After  eating  she  had  experienced  gastric 
distress,  accompanied  by  eructations  of  gas  and  a  feeling  of  weakness  and 
dizziness,  and  said  that  two  weeks  ago  she  was  taken  suddenly  with  a  dull 
pain  in  the  back,  and  now  complained  of  a  feeling  of  numbness  and  tingling 
in  the  feet.  She  said  that  this  feeling  had  been  experienced  for  several  days, 
and  at  the  same  time  she  had  lost  strength  and  appetite.  She  now  had  weak- 
ness in  her  legs  and  involuntary  and  unconscious  evacuations  of  the  bladder 
and  bowels;  she  did  not  feel  the  moisture.   In  the  past  twenty-four  hours  she 
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had  occasional  shooting  pains  in  the  legs.  On  entrance  she  felt  as  though 
she  were  losing  her  speech ;  was  tired  and  sleepy,  although  unable  to  sleep. 
The  temperature  was  101.5''  and  the  pulse  110.  The  following  day  she  had 
little  sensation  or  motion  in  the  legs,  and  the  deep  and  superficial  reflexes 
were  absent.  On  September  20th  all  sensation  and  motion  had  disappeared 
from  the  lower  extremities ;  both  motion  and  sensation  of  the  trunk  and  upper 
extremities  were  much  diminished.  She  was  clear  mentally,  but  frightened. 
The  urine  had  the  same  claret  color,  although  she  had  taken  neither  sul- 
phonal  nor  trional  for  over  a  week. 

On  September  21st  she  was,  at  my  request,  examined  by  Dr.  James  W, 
Putnam,  at  which  time  there  was  found  slight  voluntary  movement  of  the 
extensor  muscles  of  the  arm  only.  The  deep  and  superficial  reflexes  were 
absent,  and  there  was  no  response  to  the  faradic  current  in  the  legs.  There 
was  slight  electrical  response  in  the  extensor  muscles  of  the  arms  and  wrists, 
better  on  the  right  than  on  the  left  side.  Sensation  in  the  extremities  and 
trunk  had  practically  disappeared.  On  the  22d  the  area  of  diminished  sen- 
sation extended  upward  to  the  level  of  the  neck,  but  she  had  now  regained 
the  power  to  reflex  both  feet  slightly  ;  she  could  not  move  the  upper  extremi- 
ties at  all.  At  times  she  was  slightly  delirious.  On  the  23d  the  motions 
of  the  feet  were  more  noticeable ;  there  were  none  in  the  hands ;  she  had  be- 
come somewhat  dull  mentally,  but  was  rational  when  roused,  and  com- 
plained only  of  being  tired,  and  frequently  asked  to  have  the  position  of  the 
arms  and  legs  changed.  The  temperature  was  106°  F.,  the  pulse  135,  and 
the  respirations  35. 

On  September  21st,  Dr.  Lorenzo  Burrows,  Jr.,  made  an  ophthalmoscopic 
examination,  which  showed  that  on  the  nasal  side  of  both  optic  disks  there 
were  swelling  and  congestion,  the  vessels  being  slightly  tortuous,  and  the  con- 
dition was  believed  to  be  the  beginning  of  optic  neuritis.  On  the  24th  there 
was  no  change  noticed  in  the  condition  of  the  eyes.  On  this  date  there  was 
undoubtedly  improved  motion  in  the  feet,  and  the  patellar  reflexes  could 
be  faintly  excited.^  There  was  complete  loss  of  motion  of  the  arms ;  she  was 
unable  to  feel  in  the  breast  the  large  hypodermatic  needle  used  in  introducing 
subcutaneously  the  normal  salt  solution  ;  she  was  practically  without  sensa- 
tion except  in  the  head.  The  mind  wandered  slightly,  but  she  responded 
rationally  to  all  questions.  Toward  evening  she  complained  of  compression 
in  the  chest,  making  it  difficult  to  breathe.  At  11.30  p.m.  she  complained  of 
thirst  and  drank  eagerly.  The  pulse  was  135  and  the  temperature  100°  F. 
She  said  she  felt  well,  only  that  she  was  "  so  tired."  Her  consciousness  was 
perfect  until  immediately  before  12.15  p.m.,  when  she  died  quietly. 

The  clinical  diagnosis  was  that  of  acute  ascending  myelitis,  involving  all 
the  tracts  of  the  cord.  The  treatment  was  limited  to  the  use  of  normal  salt 
solutions  subcutaneously,  and  diaphoresis  by  means  of  baths.  Sleep  was 
encouraged  on  two  or  three  occasions  by  small  doses  of  codein.  An  autopsy 
was  positively  refused. 

1  There  is  a  possible  error  in  this  observation. 
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A  remarkable  feature  of  the  case  was  the  persistance  of  the  claret- 
colored  urine.  When  first  observed  the  color  was  dark  amber  or 
brown.  After  three  doses,  containing  each  five  grains  of  sodium  sali- 
cylate and  sulphonal  (which,  by  the  way,  were  believed  to  have  been 
vomited),  the  urine  was  noticed  to  be  claret  color,  and  it  continued  so 
to  the  end.  A  specimen  was  referred  to  Dr.  Thomas  B.  Carpenter, 
clinical  pathologist  of  the  hospital,  who  made  the  following  report  on 
the  coloring  matter :  "  Methsemoglobin,  oxyhsemaglobin,  alkapton, 
indol  derivative,  scatol  derivative,  phenol  derivative,  urorubrohaem- 
atin,  urofuscohsematin  were  all  examined  for  and  found  to  be  absent. 
Haematoporphyrin,  however,  was  present,  and  accounted  for  the  claret- 
colored  urine.  The  vegetable  pigments  were  absent ;  the  urobilin 
derivatives  were  not  present  in  sufficient  amount  to  produce  color." 

Dr.  Carpenter  forwarded  a  specimen  to  Prof,  J.  Bergen  Ogden, 
of  the  Harvard  Medical  School  (whose  article  on  hsematoporphyrin- 
uria  appeared  in  the  Boston  Medical  and  Surgical  Journal  of 
February  24,  1898),  who  coincided  with  him  that  the  pigment  was 
hfematoporphyrin. 

The  question  suggests  itself.  Is  there  a  direct  relation  between' 
acute  inflammatory  processes  of  the  cord  and  spinal  nerves  and  the 
appearance  of  hsematoporphyrinuria  ?  Ogden,  in  the  paper  referred 
to,  reports  a  case  of  post-diphtheritic  neuritis  which  was  under  the 
care  of  Dr.  George  B.  Shattuck  and  Dr.  C.  F.  Whitington,  of  the 
Boston  City  Hospital,  in  which  there  was  loss  of  sensation  reaching 
upward  to  the  waist  line,  accompanied  with  involuntary  micturition 
and  dejection,  and  in  which  hsematoporphyrinuria  was  present.  In 
this  case  also  it  is  possible  that  the  condition  was  secondary  to  the 
taking  of  trional,  which  had  been  given  in  gramme  doses.  But  there 
had  elapsed  a  period  of  eleven  days  on  one  occasion  between  the  tak- 
ing of  the  drug  and  the  appearance  of  the  pigment  in  the  urine.  In 
my  case  it  is  believed  that  the  coloring  matter  appeared  before  either 
trional  or  sulphonal  had  been  taken,  as  the  urine  was  observed  to  be 
very  dark,  although  not  distinctly  claret  color,  more  than  four  weeks 
before  either  drug  was  administered.  Two  days  after  taking  fifteen 
grains  of  sulphonal  in  divided  doses,  which  were  believed  to  have 
been  vomited,  the  claret  color  of  the  urine  attracted  attention.  On 
the  9th  of  September  one  gramme  of  sulphonal  was  given  and  on  the 
10th  one  gramme  of  trional.     She  died  on  the  night  of  the  24th  of 
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September,  and  the  symptoms  of  haematoporphyrinuria  were  continu- 
ous from  the  10th  to  the  24th.  It  is  thus  seen  that  fourteen  days 
elapsed  without  the  administration  of  the  drugs  in  question,  and  that 
only  one  gramme  of  each  had  been  taken. 


DISCUSSION. 


Dr.  Putnam  :  I  was  very  much  interested  in  Dr.  Stockton's  case,  because 
I  have  had  one  myself  of  almost  precisely  the  same  character.  The  patient 
was  a  man  past  middle  life,  who  was  in  a  debilitated  state  of  health,  partly 
as  the  result  of  chronic  disturbance  of  nutrition  and  partly  from  the  abuse 
of  morphine,  which,  however,  he  was  not  taking  at  the  time  of  his  last  illness. 
He  had  been  suffering  for  some  months  with  symptoms  apparently  those  of 
what  might  be  called  multiple  neuritis,  or  Landry's  disease,  characterized  by 
increasing  paralysis,  with  tenderness  of  the  muscles  and  great  emaciation. 
He  finally  died  with  gradual  failure  of  respiration  and  heart  action,  and  he 
also  for  a  week  or  more  before  death  had  this  claret-colored  urine.  In  that 
case  also  trional  and  sulphonal  had  been  given,  but  none  had  been  used  for 
at  least  thirteen  days  before  his  death  occurred.  The  autopsy  was  made  by 
Dr.  Joslin  and  myself,  and  the  specimens  were  examined  by  Dr.  Wright^ 
who  found  no  change  in  the  spinal  cord,  but  signs  of  degenerative  neuritis. 

Dr.  Janeway:  I  can  add  another  similar  case,  that  of  a  lady  who  had 
been  a  nervous  woman  for  a  number  of  years  and  was  taking  trional,  when 
she  suddenly  developed  symptoms  of  nausea  and  vomiting  and  such  a  neuritis 
as  described,  with  voidance  of  this  claret-colored  urine.  She  has  nearly  re- 
covered, however,  after  a  period  of  a  year  and  a  little  over.  She  had  a 
mitral  insufficiency,  which  seemed  to  be  organic,  but  that  is  all  gone,  and 
she  is  making  a  good  recovery,  though  slow.  I  questioned  her  very  closely, 
and  the  only  agents  we  could  find  in  connection  with  the  trouble  was  that 
she  was  using  trional  in  from  ten  to  twenty-grain  doses  at  night  to  produce 
sleep. 


THE  RELATIVE   INFREQUENCY   OF   ACUTE  SPECIFIC 

INFECTIONS  IN  THE  FIRST  YEAR  OF  LIFE,  WITH 

A  PROBABLE  EXPLANATION  FOR  IT. 


By  a.  C.  ABBOTT,  M.D., 

OF  PHILADELPHIA. 


My  object  in  speaking  upon  this  topic  is  less  to  present  anything 
that  is  new  than  to  emphasize  certain  interesting  phases  of  it  that  I 
think  have  not  received  the  attention  that  their  importance  war- 
rants. 

If  the  general  mortality  of  a  community  be  tabulated  according  to 
certain  age-groups  we  invariably  find  that  the  greatest  number  of 
deaths  fall  in  the  group  comprising  those  individuals  under  one  year 
of  age  (see  Table  I.).  If,  in  a  similar  manner,  we  again  tabulate  the 
deaths  from  certain  of  the  commoner  specific  infections  we  shall  now 
find  that  in  this  same  group  there  is  a  very  much  smaller  number 
of  deaths  (see  Table  II.) ;  and  if  we  further  classify  the  deaths  dur- 
ing this  first  year  of  life,  according  to  age  by  months,  we  find  that 
the  great  majority  fall  in  the  second  half  of  the  first  year  (see 
Table  III.). 

This  is,  of  course,  familiar  to  you  all;  though  from  the  statements 
encountered  in  many  of  the  writings  upon  the  influence  of  age  in  pre- 
disposing to  the  infections  of  childhood  it  is  rare  that  precise  data 
are  given  in  illustration  of  the  varying  susceptibilities  at  diiferent  ages 
during  this  period  of  development,  and  practically  never  that  a  reason 
is  offered  in  explanation  of  the  phenomenon. 

I  am  not  sure  that  it  can  be  explained  in  a  way  that  will  satisfac- 
torily meet  all  cases,  but  there  are  certain  facts  that  have  been  brought 
out  in  the  course  of  purely  experimental  work  that  are,  I  believe, 
worthy  of  more  serious  consideration  in  this  connection  than  is  usually 
accorded  them. 
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Table  I. 

Showing  distribution  of  deaths  from  all  causes  during  the  period  of  childhood. 
Arranged  according  to  particular  age-groups. 


Age. 

Localities. 

Period. 

j      Total 

number 

of  deaths, 

all  ages, 

all  causes. 

Under  1  year. 

1-5  years. 

5-10  years. 

No.  of 
deaths. 

Per  ct. 
total. 

No.  of 
deaths. 

Per  ct. 
total. 

No.  of 
deaths. 

Per  ct. 

t^tAl. 

Boston    . 

New  York      . 

Brooklyn 

Philadelphia 

Baltimore 

Dist.  Columbia     . 

All  England  . 

1         r 

6  years, 

.  ending  , 

>  May  31, 

1890 

i 

J                  t 

r  1893-97]. 
I   inclus.  J 

60,021 

250,359 

112,467 

134,878 

56,052 

32,515 

2,705,991 

14,117   '     23.5 

1 
79,022        31.5 

35,026        3L1 

38,195        28.3 

18,790   :     33.6 

10,450   i     32.3 

693,555      25.6 

7,674 
38,971 
17,880 
16,409 
7,406 
3,568 

346,714 

12.8 
15.6 
15.9 
12.2 
13.2 
10.9 

12.8 

2,051 
7.619 
4,637 
4,328 
1,630 
1,059 

75,220 

3.4 
3.0 
4.1 
3.2 
2.9 
3.2 

2.8 

Table  II. 

Showing  distribution  of  deaths  from  three  specific  infections  common  to  children. 
Arranged  with  regard  to  particular  age-groups  in  the  period  of  childhood. 


Period. 

1 
Diseases. 

Total 
number 
of  deaths 
all  ages. 

Age. 

Localities. 

Under  l  year. 

1-5  years. 

5-10  years. 

No.  of 
deaths. 

Pr.  ct. 
total. 

No.  of 
deaths. 

Pr.  ct. 
total. 

No.  of 
deaths. 

Pr.  ct. 
total. 

Boston    .    .    . 

1          r 

Measles 

6,414 

1.760 

27.4 

4,154 

64.8 

373 

5.8 

New  York  .    . 

Brooklyn    .    . 
Philadelphia  . 

6  years, 
■  ending  , 
!^  May  31, 
1     1890 

i  5  Scarlet  ) 
p   fever    ] 

8,969 

585 

6.5 

6,732 

63.9 

1.982 

22.1 

Dist.  Columbia 

1 

I                 I 

Diphtheria 

22,238 

1,515 

6.8 

'14,148 

63.6 

5,192 

23.1 

/ 1893-97 
\  inclus. 

Measles 

64,687 

14,795 

22.8 

45,459 

68.8 

3,761 

5.8 

All  England  . 

/Scarlet  "1 
1  fever    J 

26,599 

1,561 

5.8 

15,412 

58.0 

6,705 

25.2 

Diphtheria 

50,949 

3,371 

6.6 

29,378 

57.6 

13,343 

26.2 

ACUTE    SPECIFIC    INFECTION'S    IN    INFANCY. 
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Table  III. 

Showing  distribution  of  deaths  from  three  specific  infections  during  the  first  year  of  life. 
(From  Annual  Reports  of  Registrar- General  of  Great  Britain,  1893-97  inclusive.) 


Total 
number 
of  deaths 
among 
children 
one  year 
old. 

Age. 

Diseases. 

0-3  months. 

3-6  months. 

6-12  months. 

No.  of 
deaths. 

Per  ct. 
total. 

No.  of  1  Per  ct. 
deaths,    total. 

No.  of 
deaths. 

Per  ct. 
total. 

Measles 

14,795 

395 

2.7 

1,161 

7.7 

13,257 

89.6 

Scarlet  fever    .... 

1,561 

118 

7.6 

192 

12.3 

1,251 

80.1 

Diphtheria  and  croup    . 

3,371 

279 

8.3 

450 

13.3 

2,642 

78.4 

Distribution  of  deaths  from  all 
other  causes  among  the  same 
age-groups  : 
Other  causes     . 

673,810 

335,549 

49.8 

144,274 



21.4 

193,987 

28.8 

On  the  first  thought  one  might  be  tempted  to  say  that  during  the 
early  months  of  life  exposure  is  less,  and  that,  therefore,  the  opportuni- 
ties for  infection  are  fewer  than  at  a  later  period,  and  in  many  cases  this 
is  doubtless  true ;  but  I  question  if  this  is  sufficiently  constant  to  serve 
as  a  trustworthy  generalization  on  this  remarkable  phenomenon ;  for 
certainly  among  the  poor  and  destitute — no  inconsiderable  part  of 
every  large  community — where  the  care  of  the  infant  usually  falls  to 
an  elder  child  during  most  of  the  time  that  the  baby  is  not  actually 
nursing,  there  are  opportunities  in  abundance  for  its  infection. 

I  believe  the  explanation  lies  in  another  direction,  and  that 
exposure  or  non-exposure  to  infection  has  little  or  nothing  to  do 
with  the  comparative  immunity  from  the  commoner  specific  diseases 
that  is  enjoyed  by  infants  during  the  better  part  of  the  first  year  of 
life. 

There  are  two  hypotheses  that  appear  to  bear  on  the  subject.  One 
of  these  is  the  doctrine  advanced  by  Baumgarten  in  connection  with 
the  latency  of  tuberculosis  in  the  new-born.  Briefly  stated,  his  idea 
is  that  in  the  new-born  the  bacillus  of  tuberculosis,  if  present,  is 
prevented  from  developing  and  exhibiting  its  pathogenic  functions 
through  the  antagonism  of  the  actively  developing  tissues  of  the  child. 
Whether  this  idea  is  applicable  to  other  infective  micro-organisms 
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that  gain  access  to  the  tissues  of  the  child  or  not  it  is  impossible  to 
say.  Indeed,  with  regard  to  tuberculosis,  on  which  the  hypothesis 
was  designed  to  bear  in  particular,  Baumgarten's  idea  has  not  met 
with  universal  acceptation. 

The  next  hypothesis,  and  the  one  that  appeals  more  favorably  to 
me,  is  that  which  comprehends  the  results  of  Ehrlich's  investigations 
on  the  hereditary  transmission  of  immunity.^  Without  entering  into 
the  details  of  the  investigations  which  led  to  it,  it  will  suffice  to  say 
that  Ehrlich  demonstrated  that  if  a  female  animal  (a  mouse)  be  arti- 
ficially immunized  against  certain  vegetable  poisons,  that  she  transfers 
to  the  young  by  way  of  the  milk  during  the  nursing  period  a  some- 
thing that  protects  her  ofi'spring  from  intoxication  by  the  same  poison 
so  long  as  they  are  sucklings.  The  "passive"  immunity  conferred 
to  the  offspring  in  this  way  is  not  permanent.  Ehrlich  found  that  it 
was  fully  operative  up  to  about  six  weeks  after  birth,  when  it  gradu- 
ally became  less  evident,  and  by  the  fourth  month  had  entirely  disap- 
peared. The  question  that  naturally  arises  is :  Can  these  observations 
be  used  in  explanation  of  the  comparative  rarity  of  specific  infective 
processes  in  the  first  year  of  life  among  human  beings  as  noted  above  ? 
In  his  communication  Ehrlich  expresses  himself  in  the  affirmative  on 
this  subject. 

If  we  will  recall  the  fact  that  a  large  proportion  of  adult  human 
beings  have  passed  through  some  or  all  of  the  acute  specific  infections 
during  the  period  of  childhood  or  youth,  and  if  we  further  recall  the 
fact  that  in  the  majority  of  instances  recovery  from  such  attacks  con- 
fers more  or  less  permanent  immunity  to  the  individual,  it  does  not 
seem  unreasonable  to  believe,  in  the  light  of  Ehrlich's  work,  that  a 
mother  who  has  acquired  a  lasting  "  active"  immunity  in  this  way,  may 
during  the  period  of  nursing — that  is,  during  something  more  than 
half  of  the  first  twelve  months  of  life  of  her  child — convey  to  that 
<3hild  through  her  milk  an  agent  that  protects  it  temporarily  against 
the  same  disease  from  which  she  herself  had  in  her  youth  recovered, 
and  that  with  the  cessation  of  nursing  this  protection  is  withdrawn. 
Whether  this  is  or  is  not  the  true  explanation  of  the  phenomenon,  it 
appeals  to  me  as  certainly  the  most  satisfactory  scientific  interpreta- 
tion that  the  subject  has  received. 

1  Ehrlich.    Zeitschrift  fUr  Hygiene,  1892,  B.  xii.,  S.  183. 
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DISCUSSION. 

Dr.  George  B.  Shattuck  :  I  should  like  to  question  the  theory  so  far  as 
diphtheria  is  concerned.  The  proportion  of  people  who  have  had  this  dis- 
ease is  comparatively  small,  the  immunity  conferred  is  comparatively  slight 
and  brief,  so  that  it  seems  to  me  diphtheria  on  that  list  stands  on  a  different 
footing  from  measles  and  scarlet  fever,  and  must  probably  have  a  different 
explanation. 


RECURRENT  VOMITING  IN  CHILDREN. 
(CYCLIC  VOMITING.) 


By  J.  P.  CROZER  GRIFFITH,  M.D.. 

CLINICAL  PROFESSOR  OF  DISEASES  OF  CHILDREN  IN  THE  UNIVERSITY  OF  PENNSYLVANIA. 


The  following  case-histories  illustrate  a  condition  which  seems  well- 
worthy  of  a  more  extended  consideration  than  has  been  devoted  to  it 
hitherto.  The  first  case  is  an  instance  of  the  disease  in  a  mild  form, 
and,  in  a  way,  on  the  border  line.  The  second  is  one  of  unusual 
severity  and  shows  how  severe  the  disease  may  become.  The  third 
and  fourth  go  still  further,  since  both  the  children  died. 

Case  I. — Marcellus  H.,  born  January  5,  1895.  In  infancy  his  digestion 
was  always  feeble,  and,  although  many  ways  of  feeding  were  tried,  vomiting 
frequently  occurred.  His  general  condition  was,  however,  pretty  good  until 
July,  1895,  when  appetite  failed  and  indigestion  increased.  This  latter  was 
frequent  through  the  winter  of  1895-96,  apparently.the  direct  result  of  experi- 
menting with  various  foods.  Later  he  improved  in  health  and  in  power  of 
digestion,  although  he  was  not  robust.  Vomiting  ceased  to  be  a  symptom  of 
any  moment.  With  the  onset  of  warm  weather  in  1896  he  commenced  to 
have  irregular  fever,  which  lasted  through  most  of  the  summer.  Again,  in 
1897,  as  warm  weather  approached,  he  suffered  from  fever  which  continued 
nearly  the  entire  summer,  during  which  time  he  was  under  my  care.  This 
fever  seemed  to  be  due  to  chronic  auto-intoxication  of  intestinal  origin, 
although  there  were  very  few  distinct  evidences  of  indigestion.  During  the 
winter  of  1897-98  he  was  in  fair  health.  In  the  summer  of  1898  he  again  had 
more  or  less  continued  fever,  the  symptoms  being  very  similar  to  those  of 
the  preceding  year,  although  the  temperature  was  not  so  high.  Vomiting 
was  unusual  and  occurred  only  with  other  evidences  of  indigestion.  The 
bowels  were  loose  at  times.  In  September,  1898,  he  began  to  improve  in 
health  and  the  fever  ceased. 

Up  to  this  period  in  his  life  the  occasional  vomiting  had  been  apparently 
clearly  the  result  of  acute  indigestion.  Now,  however,  he  began  to  have  cer- 
tain severe  attacks  of  vomiting  of  the  type  presently  to  be  described,  which 
seemed  entirely  unassociated  with  any  indiscretion  in  diet  or  symptoms  of 
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indigestion.  These  attacks  occurred  about  every  three  or  three  and  a  half 
weeks  with  some  degree  of  regularity,  and  continued  to  appear  until  early  in 
the  spring  of  1899,  when  he  again  came  under  my  care.  I  saw  him  in  March, 
1899,  at  the  beginning  of  one  of  them.  Since  that  time  he  has  had  but  one 
attack,  and  that  a  slight  one.  The  nature  of  an  attack  was  much  as  follows  : 
The  child  would  be  apparently  well  and  lively  for  some  weeks.  Then,  with- 
out any  indiscretion  in  diet  or  other  discoverable  cause,  or  any  decided  symp- 
toms of  indigestion,  he  would  lose  his  appetite  for  a  few  days  and  become 
constipated.  High  fever  then  developed,  and  with  this  vomiting  quickly 
began.  The  latter  lasted  during  one  or  two  days,  and  occurred  frequently, 
especially  if  food  or  anything  else  was  put  into  the  stomach.  Fever  abated 
after  vomiting  began.  There  was  decided  prostration,  restlessness,  rapid 
respiration,  much  thirst,  and  retracted  abdomen.  Complete  loss  of  appetite 
continued.  Loss  of  flesh  seemed  rapid.  Constipation  was  present  during 
the  attack,  but  could  be  overcome  by  purgatives,  although  with  some  diffi- 
culty. Relief  of  the  constipation  obtained  in  this  way  was  sometimes  accom- 
panied by  relief  of  the  vomiting ;  but  in  other  attacks,  where  no  purgatives 
or  enemata  were  given,  vomiting  ceased  before  the  bowels  were  opened. 
There  was,  in  fact,  no  clear  connection  between  the  relief  of  the  constipation 
and  the  cessation  of  the  vomiting.  The  urine  was  sometimes  diminished  in 
amount  before  the  attack,  and  during  it  it  remained  scanty.  The  urine  ob- 
tained on  March  18th,  when  the  child  was  beginning  to  convalesce  from  the 
attack  in  which  I  saw  him,  contained  a  large  deposit  of  crystals  of  uric  acid. 
Analysis  made  by  Prof.  John  Marshall,  of  the  University  of  Pennsylvania, 
gave  a  ratio  of  uric  acid  to  urea  of  1  :  116.  A  specimen  passed  on  May 
26th,  at  a  time  when  the  child  was  in  excellent  health,  still  showed  a  dimin- 
ished excretion  of  uric  acid.  Convalescence  from  the  attacks  was  rapid. 
The  early  evacuation  of  the  bowels,  an  almost  total  withdrawal  of  food,  and 
the  administration  of  small  doses  of  bromide  salt  with  a  febrifuge,  appeared 
to  abbreviate  the  attacks. 

Case  II.— Henry  A.,  born  May  12,  1891.  He  had  always  been  a  nervous 
child,  but  had  had  good  general  health.  His  first  attack  of  recurrent  vomit- 
ing took  place  in  July,  1894.  After  this  he  had  attacks  in  January  and  De- 
cember, 1895.  These  earlier  seizures  lasted  about  one  day,  not  often  longer. 
Constipation  was  not  noticed,  if  present.  The  vomiting  was  severe,  but  not 
alarming.  It  did  not  appear  to  be  connected  in  any  way  with  the  diet,  and 
was  unattended  by  any  evidence  of  indigestion.  There  was  always  restless- 
ness and  sighing  respiration.  The  attack  was  always  attended  by  tonsillitis. 
Recovery  was  rapid,  unless  tonsillitis  had  been  severe.  The  first  truly  alarm- 
ing attack,  which  was  nearly  fatal,  took  place  in  March,  1897.  He  had 
another  seizure  in  January,  1898,  and  again  in  May,  1898,  but  in  neither 
case  severe.  A  second  severe  attack  occurred  in  July,  1898.  There  has  been 
no  recurrence. 

The  two  severe  attacks  must  be  described  somewhat  in  detail.  The  first 
commenced  about  March  31st  with  severe  vomiting.    Very  soon  this  symp- 
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torn  became  grave.  It  was  almost  continuous,  everything  which  went  into 
the  stomach  being  promptly  ejected,  and  eflforts  at  vomiting  occurring  fre- 
quently, even  though  nothing  was  taken.  The  bowels  had  been  obstinately 
constipated,  in  spite  of  purgatives  and  of  large  enemata  frequently  given,  and 
the  attending  physician  feared  intestinal  obstruction.  I  saw  the  boy  late  on 
April  2d.  On  this  date  for  the  first  time  a  bowel  movement  had  been  ob- 
tained, yet  without  relief  of  the  gastric  condition.  Prostration  was  extreme  ; 
there  was  great  restlessness  and  much  thirst.  The  respiration  was  accelerated 
and  sighing,  especially  when  he  was  asleep.  The  child  slept  only  fitfully 
and  after  an  attack  of  vomiting,  soon  rousing,  tossing,  and  sufiering  another 
attack.  There  was  no  pain,  tenderness,  or  retraction  of  the  abdomen.  The 
secretion  of  urine  was  diminished.  All  treatment  had  been  unavailing,  in- 
cluding the  administration  of  chloral  and  bromides  by  the  bowel,  and  the 
prognosis  seemed  most  grave.  I  advised  the  giving  of  morphine  by  hypo- 
dermatic injection.  I  did  not  see  the  child  again  in  this  attack,  but  learned 
the  following  details  later:  Owing  to  a  fear  of  the  drug  on  the  part  of  the 
attending  physician  the  morphine  was  not  given.  Vomiting  continued,  and 
the  exhaustion  increased  until  finally  the  child  lay  helpless  on  his  side, 
while  every  few  moments  a  little  dark  or  blood-stained  fluid  ran  from  his 
mouth,  forceful  vomiting  being  no  longer  possible.  Constipation  was  now 
absolute.  Another  consultant  was  called,  and  various  drugs  were  adminis- 
tered by  the  mouth,  but  without  any  change  for  the  better  being  effected. 
At  last,  after  several  more  days  had  elapsed,  with  the  death  of  the  child  ap- 
parently certain  and  not  far  distant,  the  attending  physician  in  desperation 
began  narcotizing  him  with  morphine  in  the  way  suggested.  The  good  effect 
was  immediate,  the  vomiting  ceasing  at  once  and  permanently.  The  mor- 
phine was  continued  for  a  short  time.  Within  twenty-four  hours  the  bowels 
were  opened  by  enema,  and  an  uneventful  convalescence  was  established. 

In  the  attack  of  June,  1898,  the  child  had  been  ill  lor  one  or  two  days 
before  I  saw  him.  Very  little  urine  had  been  voided,  and  constipation  had 
been  absolute.  There  was  no  great  prostration.  The  attending  physician 
had  wisely  refrained  entirely  from  efforts  to  feed  him  by  the  mouth,  and  the 
bowel  had  been  used  for  nutrient  enemata  only,  without  any  effort  to  produce 
a  stool.  Apparently  as  a  result  of  this  conservative  treatment,  the  vomiting 
was  already  better  when  I  arrived.  There  had  been  no  abdominal  pain,  ten- 
derness or  retraction.  I  continued  nutrient  enemata,  and  gave  Rochelle 
salts  in  small  repeated  doses  by  the  mouth.  Vomiting  did  not  occur,  and  in 
about  twelve  hours  sighing  respiration  and  restlessness  ceased,  the  bowels 
were  freely  opened,  and  appetite  returned.     Convalescence  was  rapid. 

The  vomited  matter  in  this  case  was  never  especially  sour.  There  was 
never  any  peculiar  odor  to  the  breath.  The  amount  of  urine  was  generally 
diminished  before  an  attack,  and  sometimes  very  greatly  so.  This  scanty 
secretion  continued  during  the  attack.    No  albumin  was  found  at  any  time. 

The  parents,  who  are  most  intelligent  and  observing,  have  not  been  able 
in  any  of  the  attacks  to  see  that  evacuation  of  the  bowels  by  purgatives  or 
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enemata  caused,  or  was  even  followed  by,  cessation  of  the  vomiting.  On  the 
other  hand,  they  have  found  that  the  chief  or  only  premonitory  symptoms 
were  a  congestion  of  the  head  and  a  decided  tendency  to  suppression  of 
urine ;  and  it  has  appeared  to  them  that  an  attack  could  be  prevented,  when 
these  symptoms  developed,  by  prompt  drainage  of  the  system  through  the 
bowel,  the  flushing  of  the  kidneys  by  large  draughts  of  water,  and  the  with- 
drawal of  all  food  except  milk. 

For  the  notes  of  the  following  case  I  am  largely  indebted  to  Dr. 
Alexander  Marcj,  Jr.,  the  attending  physician.  I  saw  the  boy  in 
one  of  the  attacks  occurring  in  the  spring  of  1896. 

Case  III.— A.  H.,  born  August,  1891.  He  was  a  healthy  child  until  the 
age  of  two  years,  except  for  the  occurrence  of  gastro -enteritis  with  menin- 
gitic  symptoms  at  fourteen  months.  In  June,  1893,  he  had  his  first  attack 
of  recurrent  vomiting,  which  lasted  only  a  few  days  and  was  supposed  at  the 
time  to  be  an  ordinary  indigestion.  A  second  severer  attack  occurred  in 
February,  1894,  and  another  slight  one  in  July,  1894.  There  were  no  others 
until  February,  1896,  when  a  much  more  severe  one  took  place.  Two  seizures 
occurred  in  March,  1896,  and  in  May  one  which  lasted  eight  days,  and  was 
so  severe  that  recovery  seemed  doubtful.  In  July,  1896,  he  had  a  seizure 
which  lasted  ten  days,  in  which  his  life  was  despaired  of,  and  from  which 
recovery  was  slow.  The  final  attack  occurred  in  October,  1896.  It  lasted 
but  two  days  and  terminated  fatally. 

The  symptoms  in  all  the  attacks  but  the  last  were  much  the  same.  After 
some  loss  of'  appetite,  coating  of  tongue  and  malaise  during  the  day,  vomit- 
ing came  on  suddenly,  generally  at  night.  This  soon  became  obstinate  and 
frequent,  occurring  every  few  minutes,  the  vomited  matter  being  at  first  the 
ingested  food,  and  later  mucus  and  bile,  sometimes  with  streaks  of  blood. 
There  was  great  restlessness,  continued  tossing,  and  but  little  sleep.  The 
pulse  grew  rapid  and  weak,  and  respiration  irregular  and  sighing.  The  tem- 
perature was  always  elevated  on  the  first  day.  After  this  it  sometimes  fell 
below  normal,  to  rise  to  fever  heat  later ;  sometimes  it  continued  elevated 
throughout  the  attack.  Normal  stools  occurred  at  first,  either  spontaneously 
or  by  enema.  Later,  after  twenty-four  to  forty-eight  hours,  the  bowels  were 
obstinately  constipated,  and  peristalsis  seemed  to  be  arrested.  When  the 
attack  was  over  the  bowels  would  move  of  themselves.  Abdominal  pain  was 
always  present,  but  was  of  slight  degree.  Thirst  was  intense.  The  breath 
had  often  a  peculiar  odor.  The  urine  was  apparently  increased  in  amount 
at  first,  acid,  and  of  high  specific  gravity,  but  after  one  or  two  days  it  became 
scanty,  and  later  even  almost  suppressed.  Indican  was  present  in  consider- 
able quantities  at  first ;  later  acetone  appeared.  Albumin  was  absent. 
Exhaustion  finally  became  extreme,  the  eyes  sunken,  and  the  whole  body 
shrunken,  dry,  and  cold.  The  mind  was  always  unaffected.  Gradually  the 
vomiting  became  less  frequent,  restlessness  diminished,  and  recovery  began 
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and  advanced,  usually  with  rapidity,  but  slowly  after  the  severest  attacks. 
During  convalescence  there  was  often  considerable  general  pruritus. 

The  last  attack  differed  somewhat  from  the  others.  Vomiting  was  less 
frequent  but  unusually  violent,  and  in  a  few  hours  the  child  was  vomiting 
blood.  In  twenty-four  hours  a  nephritis  had  developed,  with  albumin,  casts, 
and  blood  in  the  urine.     Death  followed  from  cardiac  failure. 

As  regards  treatment,  hypodermatic  injections  of  morphia  or  the  adminis- 
tration of  chloral  and  bromides  .appeared  to  be  of  slight  service  in  some 
attacks,  but  generally  were  of  no  avail. 

The  following  case  likewise  occurred  in  the  practice  of  Dr.  Marcy. 
I  saw  the  child  in  one  of  the  attacks  and  on  a  number  of  other  occa- 
sions, both  when  well  and  when  seizures  seemed  to  be  threatening. 

Case  IV.  Honoria  H.,  born  March  2, 1892.  She  had  been  a  healthy  child 
up  to  the  age  of  about  three  years,  when  she  began  to  have  attacks  of  vomit- 
ing, which  developed  suddenly,  were  attended  by  fever,  lasted  a  short  time, 
and  were  supposed  to  be  due  to  indigestion.  In  September,  1895,  she  had  a 
very  severe  seizure,  lasting  a  week  and  much  worse  than  any  which  had 
preceded.  Exhaustion  at  this  time  was  so  great  that  recovery  was  despaired 
of.  There  was  no  return  of  the  trouble  until  July,  1897,  and  again  in 
August,  1897,  when  she  had  the  worst  attack  yet  experienced,  which  lasted 
eight  days,  during  most  of  which  time  death  was  momentarily  expected.  I 
saw  her  for  the  first  time  on  October  1,  1897,  when  she  was  apparently  well. 
After  this,  during  the  early  part  of  October,  she  appeared  often  to  be  on  the 
brink  of  an  attack,  suffering  from  anorexia  and  coated  tongue,  and  being 
very  languid.  None  occurred,  however,  and  the  child's  general  health  be- 
came good  until  February  21,  1898.  On  this  date,  after  about  a  week  of 
premonitory  symptoms,  vomiting  began,  and  continued  nearly  constantly  for 
twenty-four  hours.  It  then  lessened  somewhat,  but  soon  returned  in  force. 
I  saw  her  about  the  26th,  and  found  her  exhausted  and  with  vomiting  still 
very  frequent,  although  apparently  lessening.  A  few  days  later  she  was 
seen  by  a  prominent  surgeon  of  Philadelphia,  who  inclined  to  the  diagnosis 
of  appendicitis,  but  believed  that  operation  was  not  justifiable,  as  recovery 
seemed  impossible.  She  did,  however,  recover.  About  a  week  after  conva- 
lescence she  suffered  for  a  time  from  diffuse  severe  articular  pains,  later 
changing  into  mere  stiffness,  but  unattended  at  any  time  by  swelling  of  the 
joints.  She  was  later,  when  in  good  health,  re-examined  by  the  surgeon, 
who  diagnosed  chronic  appendicitis,  and  urged  operation.  The  appendix 
was  removed  in  April,  1898.  Macroscopical  examination  showed  no  material 
change.  Microscopically  there  were  evidences  of  inflammatory  alterations. 
After  the  operation  the  child  continued  to  improve  in  health,  and  it  was  at 
first  thought  that  this  depended  in  part  or  wholly  upon  the  removal  of  the 
appendix.  But  in  March,  1899,  she  had  another  attack  of  vomiting,  worse 
than  any  previous  one,  and  she  died  exhausted  after  an  illness  of  nine  days. 
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Autopsy  showed  necrotic  changes  in  the  mucous  membrane  of  the  stomach 
and  intestines,  slight  parenchymatous  alterations  in  the  pancreas,  spleen  and 
kidneys  and  fatty  injfiltration  of  the  liver. 

The  symptoms  in  this  case  were  in  most  respects  identical  with  those  de- 
scribed in  Case  III.  There  were  the  same  uncontrollable,  frequent  vomit- 
ing, loss  of  appetite,  restlessness,  sighing  respiration,  rapid  pulse,  and  incon- 
siderable abdominal  pain  and  tenderness.  The  secretion  of  urine  was 
affected  in  the  same  manner,  indican  and  acetone  being  present  as  in  that 
case.  In  contrast,  however,  although  the  onset  was  sudden  in  some  attacks, 
in  others  the  prodromal  symptoms  lasted  longer,  coated  tongue,  loss  of  appe- 
tite, and  restlessness  continuing  for  several  days.  Pruritus  during  the  attack 
was  more  marked.  Toward  the  end  of  the  last  and  fatal  attack  albumin  and 
casts  appeared  in  the  urine. 

Repeated  examinations  of  the  urine  were  made  for  me  by  Professor  John 
Marshall,  but  the  results  were  only  partially  satisfactory,  owing  to  the  ina- 
bility to  control  the  case  and  the  difficulty  in  procuring  sufficient  urine  for 
analysis.  Examination  on  October  16,  1897,  when  the  child  exhibited  what 
appeared  to  be  prodromal  symptoms,  but  which,  however,  did  not  advance 
further,  showed  neither  indican  nor  acetone.  On  December  2, 1897,  the  child 
being  at  this  time  in  good,  general  health,  the  uric  acid  urea  ratio  equalled 
1 :  113.  No  indican  or  acetone  was  present.  On  February  22,  the  second 
day  of  an  attack,  the  uric  acid  urea  ratio  was  1 :  176.  Acetone  and  indican 
were  present. 

In  the  way  of  treatment,  morphine  hypodermatically  or  the  giving  of  the 
bromides  and  chloral  seemed  at  times  to  do  some  good,  but  were  not  to  be 
depended  on. 

Very  little  definite  appears  in  medical  literature  concerning  this 
curious  disease,  although  in  my  reading  of  it  I  have  doubtless  over- 
looked much.  The  Paris  Thesis  by  Solelis  was  not  accessible 
to  me.  Most  writers  refer  to  the  article  by  Leyden  as  the  first 
upon  the  subject.  This  smthor  {Zeitsch.  f.  klin.  Med.y  1882,  iv., 
605)  discusses  certain  gastric  crises  under  the  title  of  ^^  period- 
ical vomiting,'^  which  condition  he  regards  as  a  pure  neurosis,  the 
symptoms  of  which  are  practically  identical  in  every  way  with 
those  of  the  gastric  crises  of  tabes.  In  the  cases  he  described  there 
were  present  great  abdominal  pain,  frequent  and  very  profuse  vomit- 
ing, constipation,  scanty  urine,  retracted  abdomen,  great  exhaustion, 
and  no  fever.  The  abdominal  pain  was  a  very  prominent  symptom, 
and  was  sometimes  associated  with  other  neuralgias.  There  was  no 
regularity  in  the  intervals  between  the  attacks.  All  the  cases 
detailed  occurred  in  adults.      Meyerhoff  {Deutsche  med.  Wochen- 
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schrift,  1881,  vii.,  710)  describes  in  detail  a  similar  case  in  a  woman, 
in  which  abdominal  tenderness  and  severe  pain  always  attended  the 
vomiting.  Meisl  {Qentralblatt  f.  d.  gesammte  Therapie,  1897,  xv., 
459)  reports  cases  very  similar  to  those  of  Leyden.  He  states,  how- 
ever, that  there  was  no  pain  except  during  the  act  of  vomiting,  and 
he  insists  on  the  regularity  of  the  recurrence  of  the  seizures.  This 
regularity,  at  variance  with  Leyden' s  experience,  is  also  insisted  on 
by  Einhorn  (Twentieth  Century  Practice  of  Medicine,  vii.,  343)  in 
an  article  on  the  subject.  Esmond  (Arch.  gen.  de  Med.,  1889, 
clxiv.,  38)  collects  from  medical  literature  and  from  his  own  experi- 
ence cases  of  periodical  vomiting.  In  all  of  these  intense  pain  was 
the  most  prominent  feature.     All  were  in  adults. 

There  are  a  few  other  writers  referring  to  the  condition  described 
by  Leyden,  but  nearly  all  of  them  dwell  upon  the  elements  of  marked 
abdominal  pain  as  almost  or  quite  pathognomonic,  and  compare  the 
attacks  to  the  gastric  crises  of  tabes.  The  condition  appears  to  be 
an  undoubted  neurosis,  which,  although  allied  to  is  yet  different  in 
some  important  respects  from  that  which  my  own  cases  illustrate, 
about  the  purely  neurotic  nature  of  which  there  is  some  doubt.  The 
difference  in  the  amount  of  pain  is  one  great  characteristic.  This 
view  is  held,  too,  by  Boas  {Deutsche  med.  Woch.,  1889,  xv.,  864), 
who,  in  describing  a  series  of  cases  of  gastric  neuroses,  draws  a 
sharp  distinction  between  gastric  crises  and  periodical  vomiting, 
basing  this  on  the  marked  element  of  pain  and  the  presence  of  an 
excess  of  HCl  in  the  secretion  in  the  former,  and  the  slight  develop- 
ment or  absence  of  pain  and  the  absence  of  an  excess  of  HCl  in  the 
latter.  He  agrees,  however,  with  those  who  insist  upon  regularity 
in  the  periodicity  of  the  attacks  of  vomiting.  The  cases  of  all  the 
writers  mentioned  occurred  in  adults. 

We  have  next  to  consider  another  condition  described  in  medical 
literature,  which  also  appears  to  differ  from  that  now  under  con- 
sideration. Langford  Symes  {Dublin  Journal  of  Medical  Science, 
1897,  civ.,  112)  writes  of  what  he  denominates  '^  gastric  attacks." 
These  occur  in  children  only.  There  develops  suddenly  profound 
nervous  disturbances,  and  the  child  seems  alarmingly  ill.  There 
are  constipation,  vomiting,  and  even  collapse.  But  the  affection 
always  depends  on  definite  demonstrable  dietetic  causes,  and  the  vomit- 
ing often  relieves  the  attack.     W.  Saltau  Fen  wick  {Disorders  of 
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Digestion  in  Infancy  and  Childhood ^  1897,  233)  describes  under 
the  title  of  ^^  Recurrent  Gastric  Catarrh  "  a  condition  which,  he 
states,  is  identical  with  ^  Aperiodic"  or  ^^  cyclic'^  vomiting.  He 
claims  that  it  is  extremely  common,  generally  mild,  and  depends 
upon  a  catarrhal  state  of  the  stomach.  All  this  is  at  variance  with 
the  experience  of  other  clinicians  ;  and  we  are  forced  to  the  conclu- 
sion that  the  great  majority  of  the  cases  on  which  his  views  are 
based  do  not  belong  to  the  category  now  under  consideration. 

A  number  of  writers  have  described  the  disease  as  my  own  cases 
represent  it.  Gee  {St.  Bartholomew'^ s  Hospital  Reports^  1882,  xviii., 
1)  details  nine  cases  of  what  he  denominates  ^'  fitf ul '^  or  ^^  recur- 
rent ''  vomiting,  of  which  probably  five  certainly  belong  to  the  dis- 
ease now  being  discussed.  Pepper  (Cyclopcedia  of  the  Diseases  of 
Children  (Keating),  iii.,  22  ;  also  supplemental  volume,  631)  con- 
tributes a  valuable  article  upon  the  subject,  although  without  details 
of  cases.  Snow  {Transactions  of  the  American  Pediatric  Society y 
1893,  v.,  185)  gives  the  details  of  a  case  in  a  girl,  aged  eight 
years,  which  must  certainly  be  classified  with  my  own.  In  the  dis- 
cussion of  this  paper,  Seibert,  Caille,  and  Forchheimer  reported 
having  seen  cases  in  children.  Rotch  {Pediatrics,  841)  gives  a 
clear  description,  with  the  details  of  three  cases  of  eight  months, 
twenty-two  months,  and  nine  years  respectively.  Rachford  {Amen- 
can  Text-book  of  the  Diseases  of  Children,  second  edition,  96  ; 
Archives  of  Pediatrics,  1898,  xv.,  605)  describes  three  cases  seen  by 
him  which  are  clearly  instances  of  this  disorder.  The  ages  were 
eighteen  months,  two  years,  and  four  years.  He  makes  some 
important  suggestions  regarding  the  pathology  of  the  affection. 
Holt  {Diseases  of  Infancy  and  Childhood,  287)  contributes  a 
valuable  chapter  upon  the  disease,  with  the  report  of  a  case  in  a 
child  of  six  years,  and  discusses  the  relationship  of  the  affection  to 
certain  urinary  changes.  Whitney  {Archives  of  Pediatrics,  1898, 
XV.,  839)  describes  a  very  typical  case  in  a  girl,  aged  eight  and  a 
half  years.  Marcy  {International  Clinics,  ninth  series,  iii.)  gives  a 
graphic  description  of  the  affection  in  three  cases,  two  of  which  are 
included  in  my  own  report,  since  they  were  likewise  more  or  less 
under  my  own  care.     The  other  case  occurred  in  a  girl  of  six  years. 

Fuller  details  of  the  cases  of  these  writers  will  be  given  in  the 
analysis  which  follows. 
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Symptomatology.  The  four  cases  which  I  have  observed  have 
a  striking  likeness  to  each  other,  although  differing  in  certain  par- 
ticulars. The  first  was  a  mild  case,  resembling  in  some  respects 
the  condition  described  by  Symes,  yet  differing  in  the  absence  of  any 
discoverable  dietetic  or  other  cause.  The  second  case  was  one  of  un- 
usual severity  ;  the  third  and  fourth  cases  were  fatal.  Comparing 
them  with  the  last  group  of  cases  to  which  I  have  referred  as  found 
in  literature,  we  observe  a  complex  of  symptoms  which  is  eminently 
striking  and  characteristic,  and  which  must  be  studied  more  in  detail. 
These  symptoms  appear  in  separate  attacks,  which  develop  with 
more  or  less  suddenness,  and  which  are  separated  by  more  or 
less  irregular  intervals,  during  which  time  the  child  is,  as  a  rule, 
in  excellent  health. 

Prodromal  symptoms  of  an  attack  may  be  absent,  and  the  child 
begin  to  vomit  without  any  evidence  of  previous  illness.  In  other 
cases  there  are  prodromes,  but  these  are  generally  insignificant  and 
indefinite,  consisting  of  malaise,  some  coating  of  the  tongue,  loss  of 
appetite,  possibly  headache,  and  some  disturbance  of  the  bowels, 
generally  constipation,  sometimes  slight  diarrhoea.  These  last  from 
a  few  hours  to  a  day,  rarely  longer.  In  one  of  my  cases  (IV.)  pro- 
dromes lasted  on  one  occasion  a  week,  and  a  furred  tongue  continu- 
ing a  week  was  seen  in  one  of  Gee's  cases.  There  is,  however,  never 
any  distinct  evidence  or  history  of  decided  indigestion  preceding  or 
in  any  way  connected  with  the  outbreak  of  an  attack. 

Vomiting  is  the  first  and  most  striking  symptom  of  the  attack 
itself.  From  the  outset  it  is  obstinate  and  oft-repeated.  At  first 
the  contents  of  the  stomach  are  ejected,  not,  as  a  rule,  showing  any 
evidence  of  abnormal  fermentation.  Later  the  vomited  matter  con- 
sists of  watery  fluid,  with  mucus  or  bile,  and  sometimes  with  blood. 
Sometimes  there  is  also  violent,  unproductive  retching.  Generally 
everything  put  into  the  stomach  is  promptly  vomited.  Snow  found 
that  in  his  case  the  vomited  matter  contained  an  excess  of  HCl,  but 
other  writers  have  not  corroborated  this.  Further  investigation  is 
needed  on  this  point.  The  vomiting  may  sometimes  cease  tempo- 
rarily and  then  recommence.  Generally  it  continues  very  frequent 
until  toward  the  close  of  the  attack  and  then  gradually  or  suddenly 
ceases. 

Constipation  is  a  very  constant  but  not  necessary  symptom.     It 
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is  sometimes  so  obstinate  that  no  treatment  has  any  effect  whatever, 
the  action  of  the  bowel  seeming  to  be  paralyzed.  In  some  cases, 
however,  as,  for  instance,  in  that  of  Snow,  it  can  be  readily  relieved, 
although  the  vomiting  continues.  In  Whitney's  case  the  bowels 
were  slightly  loose  and  offensive.  In  two  of  Gee's  cases  the  bowels 
were  not  affected,  except  that  they  were  sometimes  whitish  in  color 
in  one  instance.  In  three  of  my  own  cases,  although  there  were 
sometimes  a  few  loose  movements  at  the  very  first,  obstinate  consti- 
pation soon  became  a  very  prominent  feature.  In  no  case  reported 
does  it  appear,  however,  that  relief  of  the  constipation  had  any 
influence  in  bringing  the  vomiting  to  a  close.  Rather  the  bowels 
appear  to  act  because  the  attack  was  nearly  over.  This  is  also  the 
opinion  expressed  by  Ley  den  regarding  the  cases  of  periodical  vomit- 
ing reported  by  him. 

The  appearance  of  the  abdomen  does  not  seem  to  be  uniform. 
Retraction  or  flatness  is  probably  common.  It  is  referred  to  by 
several  writers,  and  was  present  in  at  least  two  of  my  own  cases. 
It  does  not  appear  to  be  any  greater,  however,  than  would  occur  in 
any  asthenic  state  with  empty  intestines.  This  is  in  marked  con- 
trast to  the  periodical  vomiting  of  Leyden.  Distention  of  the  abdo- 
men by  gas  does  not  seem  to  occur. 

Abdominal  pain  is  a  symptom  almost  entirely  absent  in  the  cases 
which  appear  to  belong  strictly  to  this  category.  As  has  been 
already  pointed  out,  this  is  in  sharp  contradistinction  to  the  very 
marked  pain  which  characterizes  both  the  gastric  crises  of  tabes  and 
the  similar  idiopathic  gastric  crises  which  the  cases  of  Leyden  and 
several  other  writers  quoted  represent.  There  is  sometimes  slight 
pain  and  tenderness  during  the  attack,  but  no  more  than  the  fatigue 
of  the  muscles  by  the  constant  vomiting  can  well  account  for.  This 
absence  of  severe  pain  seems  to  be  the  common  experience  of  observ- 
ers of  recurrent  vomiting  in  children.  Only  in  one  of  Gee's  cases 
could  pain  be  called  decided. 

Thirst  is  commonly  intense,  due  doubtless  to  the  abstraction  of 
liquid  from  the  system  and  the  inability  to  retain  any  ingested. 

Appetite  is  generally  completely  lost.  The  tongue  is  variable.  It 
is  not,  as  a  rule,  as  greatly  coated  as  in  cases  of  indigestion.  Rotch 
refers  to  this  fact  as  of  diagnostic  importance.  The  tongue  was  dry 
in  Holt's  case,  and  slightly  coated  in  Snow's  and  Whitney's  cases. 


26  GRIFFITH, 

In  two  of  my  own  cases  (III.  and  lY.)  it  was  at  first  slightly 
coated,  and  later  more  so.  Case  I.  also  exhibited  a  coated  tongue. 
I  have  no  record  of  its  condition  in  Case  II.  The  breath  is  described 
as  of  a  sickening  odor  by  Rachford,  while  in  two  of  my  cases,  Dr. 
Marcy,  who  was  in  attendance,  noticed  a  very  peculiar  odor  (ace- 
tone?). In  the  other  two  cases  nothing  characteristic  was  observed. 
Other  writers  do  not  refer  to  the  matter.  Sore  throat  always 
attended  in  one  of  Gee's  cases  ;  tonsillitis  occurred  in  one  of  the 
attacks  in  Snow's  cases,  and  in  some  of  the  earlier  attacks  in  one  of 
my  own  (II.). 

There  appears  to  be  no  rule  about  the  temperature.  Rotch 
describes  it  as  normal  or  subnormal  in  his  cases.  In  the  case  re- 
ported by  Holt  it  was  elevated  at  the  beginning,  and  later  subfebrile 
or  normal.  In  Whitney's  case  there  was  slight  fever.  In  Snow's 
the  temperature  ranged  from  100°  to  105°  F.  In  Seibert's  case 
there  was  fever,  as  there  was  also  in  Rachford's  cases  and  in  some 
of  Gee's.  In  my  own  experience  there  was  decided  fever  in  Cases  I., 
III.,  and  IV.  :  no  record  in  Case  II.  It  would  appear,  then,  that 
in  recurrent  vomiting  there  is  apt  to  be  more  or  less  fever  during  the 
attack,  although  this  is  not  a  necessary  symptom. 

Respiration  is  decidedly  affected.  In  my  second  and  third  cases 
it  was  peculiarly  sighing ;  in  the  fourth  case  irregular,  and  in  the 
first  case  rapid.  In  Rachford's  cases  it  was  rapid,  and  often  very 
greatly  so  as  the  exhaustion  increased.  The  pulse  generally  becomes 
rapid.  Often  it  is  slightly  irregular.  The  only  exception  I  have 
noted  to  this  opinion  is  the  statement  of  Rotch,  that  the  pulse  is 
sometimes  slow. 

The  condition  of  the  urine  is  of  great  interest,  but  as  yet  no  con- 
clusions can  be  drawn  regarding  it.  Rachford  describes  the  urine 
as  scanty  during  the  attack,  and  in  one  case  containing  albumin  and 
casts,  which  disappeared  at  once  when  the  attack  was  over.  The 
only  case  carefully  studied  with  regard  to  the  amounts  of  urea  and 
uric  acid  present  has  been  that  of  Holt.  In  this  the  ratio  of  uric 
acid  to  urea  before  the  attack  was  1  :  54  ;  during  the  attack,  1  :  157 
and  1  :  132  ;  during  convalescence,  1  :  50.  In  my  own  cases  cir- 
cumstances prevented  the  more  extended  and  exact  study  of  the 
urine  which  might  have  thrown  light  upon  the  pathology  of  the 
disease.     In  Case  I.  the  secretion  of  urine  was  sometimes  increased 
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as  a  prodromal  symptom,  but  scanty  during  the  attack.  The  analy- 
sis during  convalescence,  made  for  me  by  Professor  John  Marshall, 
showed  a  ratio  of  uric  acid  to  urea  of  1  :  116.  It  must  be  stated, 
however,  that  some  trace  of  the  symptoms  was  still  remaining.  In 
Case  II.  the  amount  of  urine  was  generally  diminished,  and  some- 
times greatly  so,  during  the  prodromal  period  and  in  the  attack 
itself.  During  convalescence  urine  was  passed  freely.  In  Case  III. 
urine  was  increased  in  amount  just  before  the  attack,  and  contained 
indican.  Later  it  was  diminished  and  acetone  was  present.  In  the 
last  attack  it  contained  albumin  and  casts.  In  Case  IV.  exactly  the 
same  condition  was  observed  as  in  Case  III.  Besides  this,  an  exam- 
ination for  uric  acid  and  urea  at  a  time  when  the  child  seemed  in 
good  health  gave  a  ration  of  1  :  113.  Another  examination,  made 
on  the  second  day  of  an  attack,  gave  a  ratio  of  1  :  176.  The  obser- 
vations on  the  uric  acid  urea  ratio  in  my  own  cases  are,  therefore, 
not  conclusive. 

The  nervous  and  general  symptoms  are  interesting.  In  Snow's 
case  convulsions  commonly  occurred  in  the  earlier  attacks,  but  were 
absent  in  later  ones.  I  find  no  other  instance  of  this  symptom  re- 
corded. Extreme  restlessness  with  constant  tossing  and  the  occur- 
rence of  very  little  sleep  were  noticed  in  two  of  my  cases  (III.  and 
IV.).  The  presence  of  restlessness  was  observed  by  Rotch  in  one 
of  his  cases.  Later  in  the  disease  exhaustion  becomes  extreme, 
emaciation  is  marked,  and  the  child  lies  apathetic,  although  gener- 
ally entirely  conscious.  In  bad  cases  a  state  of  collapse  is  present, 
from  which  it  may  seem  impossible  that  the  patient  can  rally. 
Itching  of  the  skin  was  present  in  two  of  my  cases. 

The  duration  of  the  attacks  is  very  variable.  Recovery  is  gener- 
ally very  rapid.  In  Holt's  detailed  case  the  attack  lasted  always 
five  days,  although  improvement  began  on  the  third  day.  In 
Whitney's  case  it  lasted  about  three  days,  and  convalescence  was 
rapid.  Rotch  regards  two  to  three  days  as  the  average  duration, 
and  the  recovery  sudden;  but  in  some  of  his  cases  the  attacks  lasted 
seven  days,  and  in  one  instance  two  weeks,  with  slow  convalescence. 
The  attacks  in  Snow's  patient  varied  from  five  to  sixteen  days  in 
length,  and  in  Rachford's  patient  from  two  to  four  days.  In  one 
of  Gee's  cases  the  duration  was  about  ten  hours,  in  another  seven  to 
ten  days,  in  another  eleven  days. 
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In  one  of  my  own  cases  (11.)  the  worst  attack  lasted  possibly  a 
week.  In  another  case  (III.)  the  longest  was  ten  days,  but  the 
final  fatal  attack  only  two  days. 

Even  in  the  cases  in  which  exhaustion  has  been  extreme  and 
vomiting  incessant,  convalescence  is  generally  astonishingly  rapid. 
The  first  sign  of  improvement  is  perhaps  a  diminution  in  the  fre- 
quency of  the  vomiting,  with  return  of  some  strength  to  the  pulse 
and  some  warmth  to  the  extremities,  while  the  whole  appearance 
changes  for  the  better.  Then  vomiting  soon  ceases  entirely,  appetite 
returns,  and  the  child  is  practically  well  except  for  a  certain  degree 
of  weakness,  which  also  rapidly  disappears. 

The  frequency  of  occurrence  of  attacks  varies  greatly.  In  the  dis- 
ease described  by  Leyden  the  seizures  came  on  at  irregular  intervals. 
Certain  other  writers,  however,  as  has  already  been  pointed  out, 
have  insisted  on  a  decided  regularity  in  the  occurrence.  In  the 
recurrent  vomiting  which  we  have  under  consideration,  on  the  other 
hand,  no  case  reported  has  exhibited  any  tendency  to  distinct  period- 
icity except  Whitney's  patient.  In  this  case  the  intervals  were 
generally  three  months.  Holt's  patient  usually  went  five  to  six 
months  without  an  attack,  and  Snow's  from  six  to  twenty-five 
weeks.  In  Rachford's  cases  the  intervals  varied  from  four  to  eight 
weeks.  So,  also,  in  my  own  cases  no  regularity  at  all  could  be  dis- 
covered. In  Case  I.  the  attacks  occurred  every  few  weeks  during 
a  few  months,  with  no  attacks  since.  In  Case  II.  the  intervals 
varied  from  two  to  fifteen  months,  with  seven  attacks  in  all  ;  in 
Case  III.  from  one  to  seventeen  months,  with  eight  attacks  in  all  ; 
in  Case  IV.  from  one  to  twenty-two  months,  with  five  attacks  in 
all. 

Nature  and  Cause.  To  the  group  of  cases  under  consideration 
we  can  perhaps  best  apply  the  term  ^^  recurrent  vomiting  " — a  name 
first  employed  by  Gee.  The  title  ^'  cyclic,"  although  popular,  is 
misleading,  because  a  cycle  denotes  a  definite  regularity  in  occur- 
rence. ^^  Periodical "  likewise  implies  a  certain  degree  of  regularity. 
^^  Persistent  vomiting,"  as  it  is  called  by  Rotch,  does  not  indicate 
that  the  attacks  recur.  There  seems  to  be  no  term  left  us,  then,  but 
that  of  ^'  recurrent  vomiting." 

This  group  of  cases  seems  certainly  different  in  nature  from  that 
which  the  cases  described  by  Leyden,  Esmond  and  others  form,  in 
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which  pain  is  such  a  prominent  feature,  and  of  which  the  purely 
neurotic  nature  seems  assured.  It  differs,  too,  from  the  affection 
described  by  Fenwick,  Symes,  and  in  part  by  Gee,  in  which  dietetic 
errors  are  apparently  the  certain  immediate  cause.  Yet  even  in  re- 
current vomiting,  as  I  have  limited  the  term,  the  cause  and  nature 
are  very  possibly  not  the  same  for  all  cases.  It  seems  at  least  sure 
Jhat  the  attacks  depend  in  no  way  upon  errors  in  diet.  As  the  case- 
histories  show,  there  is  comparatively  perfect  health  between  the 
attacks,  so  far  as  the  digestive  apparatus  is  concerned.  It  is  true 
that  the  prodromal  symptoms  are  to  some  extent  those  of  disturbed 
digestion,  but  they  develop  in  spite  of  the  greatest  care  in  the  diet, 
and  seem  to  come  from  inside  the  patient  rather  than  from  without. 
Moreover,  when  the  attack  has  commenced  the  emptying  of  the 
stomach  by  vomiting  gives  no  relief,  as  would  be  the  case  in  ordi- 
nary acute  gastric  disturbances. 

The  points  in  common  shared  by  recurrent  vomiting,  the  painful 
periodic  vomiting  of  adults,  and  the  attacks  of  gastric  pain  with  or 
without  vomiting,  which  occur  in  tabes,  suggest  the  view  that  recur- 
rent vomiting  may  be  a  gastric  neurosis.  That  this  is  the  true  nature 
is  the  view  of  Rotch  and  of  Whitney.  Snow  believes  this  to  be  true 
of  his  case,  and  regards  the  marked  hyperchlorhydria  of  the  vomited 
matter  as  confirmatory  of  this  view.  But,  as  previously  stated,  it 
is  not  proven  nor  even  likely  that  hyperchlorhydria  is  the  general 
condition.  There  is,  indeed,  decided  ground  for  the  belief  that  the 
recurrent  vomiting  of  children  is  not  a  pure  gastric  neurosis,  as  the 
periodical  vomiting  of  Leyden  is  claimed  to  be.  Rachford  makes 
the  valuable  suggestion  that  the  attacks  are  due  to  lithsemia  or  some 
condition  allied  to  it,  and  believes  that  there  is  the  absorption  and 
storing  up  in  the  system  of  some  leucomaines.  He  considers  the 
disease  a  lithsemic  gastroneurosis  allied  to  migraine.  This  view  is 
supported  by  the  fact  that  in  one  of  his  patients  the  symptoms 
changed  into  those  of  migraine  as  the  child  grew  older.  The  condi- 
tion of  the  urine  in  Holt's  case  points  in  the  same  direction.  Yet 
further  study  is  needed.  The  examinations  of  the  urine  in  two  of 
my  own  cases  are  not  entirely  confirmatory.  The  occurrence  of 
albumin  and  tube-casts  in  one  of  Rachford's  cases,  and  of  a  terminal 
nephritis  in  two  of  my  own,  together  with  the  post-mortem  findings 
in  one  of  them,  certainly  suggest  that  the  disease  is  due  to  the  pres- 
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ence  of  some  toxic  substance  circulating  in  the  blood — probably  not 
uric  acid,  but  some  toxalbumin  possibly  allied  to  it.  The  presence 
of  pruritus  in  two  of  my  cases  and  the  occurrence  in  one  of  them  of 
diffuse  articular  pains  after  an  attack  point  toward  a  disordered 
hsemic  state.  There  very  probably  occurs  a  gradual  storing  up  in 
the  blood  of  some  toxic  substance,  possibly  developing  primarily  in 
the  intestine,  possibly  formed  in  the  tissues,  until  finally  the  limit 
of  tolerance  is  reached  and  an  attack  takes  place.  This  is  the  view 
likewise  to  which  Pepper  clearly  leans. 

The  presence  of  acetone  in  the  urine  in  the  worst  attacks  of  two 
of  my  own  cases  probably  indicates  that  great  disturbances  of  metab- 
olism are  present,  and  is  a  further  proof  of  the  existence  of  a  tox- 
aemia. Acetone  itself,  however,  cannot  be  considered  the  poison  which 
produces  recurrent  vomiting,  since  the  symptoms  of  acetonaemia 
are  not  such  as  these  cases  exhibit. 

We  may  naturally  conclude,  then,  that  recurrent  vomiting  may 
perhaps  be  a  neurosis,  but,  if  so,  is  one  of  toxic  origin,  in  some  way 
connected  with  faulty  metabolism. 

Regarding  the  influence  of  age,  the  disease  may  begin  at  any  time 
in  childhood,  but  in  the  majority  of  cases  the  first  attacks  were  seen 
within  the  first  three  years  of  life,  although  generally  after  the  first 
year. 

The  existence  of  a  neurotic  family  history  has  been  observed  in  a 
number  of  instances,  and  may  well  be  a  predisposing  cause.  In 
E-achford's  cases  a  gouty  family  history  is  reported.  Sometimes  the 
child  itself  is  distinctly  neurotic  and  high-strung,  as  in  the  case  of 
Whitney  and  in  one  of  my  own  (II.).  Occasionally,  too,  it  has 
been  reported  that  the  children  have  been  of  rather  delicate  health. 
But  in  the  majority  of  instances  the  general  health  has  been  excellent. 

There  may  possibly  be  various  immediate  determining  causes  for 
an  attack  other  than  those  mentioned.  Exhaustion,  fatigue,  expo- 
sure to  cold,  and  over-excitement  have  all  been  referred  to  in  a 
general  way  by  writers.  But  the  actual  association  of  these  with 
attacks  is  most  uncertain  if  we  study  the  details  of  published  cases. 
The  most  careful  supervision  of  the  life  of  my  own  cases  failed  to 
show  the  influence  of  these  or  any  other  immediately  exciting  causes. 

Diagnosis.  The  diagnosis  is  not  difficult  when  the  attack  is 
well  established  and  is  not  the  first  from  which  the  patient  has  suf- 
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fered.  As  already  pointed  out,  recurrent  vomiting  is  to  be  distin- 
guished from  the  periodical  vomiting  described  by  Leyden.  This 
latter  affected  adults,  was  always  unattended  by  fever,  and  exhibited 
abdominal  paiu  as  a  very  prominent  and  often  the  most  prominent 
symptom.  The  onset  of  some  acute  infectious  disease  can  generally 
be  distinguished  by  the  development  of  other  symptoms  which  are 
characteristic.  Meningitis,  particularly  the  tubercular  form,  may 
cause  confusion  at  first.  But  the  onset  is  much  more  gradual  in 
the  latter  affection,  vomiting  is  not  commonly  so  frequent,  and  there 
is  an  increasing  apathy  and  tendency  to  stupor,  with  rigidity,  and 
finally  with  vasomotor  and  possibly  ocular  symptoms,  all  of  which 
are  quite  distinctive.  Nephritis  is  to  be  distinguished  by  a  careful 
study  of  the  urine  at  the  onset.  Acute  indigestion  is  differentiated 
by  the  initial  heavily-coated  tongue  and  other  signs  of  a  disturbed 
stomach,  the  character  of  the  vomited  matter  at  the  beginning,  the 
tendency  for  diarrhoea  to  develop  soou  in  most  cases,  and  the  relief 
which  vomiting  usually  gives  after  a  few  hours  or  a  day  have 
elapsed.  Especially  characteristic  of  recurrent  vomiting  is  the 
tendency  to  repeated  attacks  which  can  in  no  way  be  associated 
with  the  ingestion  of  unsuitable  food.  Intussusception  or  other 
form  of  intestinal  obstruction  causes,  perhaps,  the  greatest  difficulty 
in  diagnosis,  especially  as  obstinate  constipation  is  such  a  promi- 
nent symptom  of  recurrent  vomiting  in  many  cases.  In  one  of  my 
own  patients  (II.)  obstruction  was  strongly  suspected  by  the  physi- 
cian in  attendance.  Only  a  careful  study  of  the  case  will  enable  a 
decision  to  be  made,  and  then  not  always  with  certainty.  Chief 
among  the  points  of  diagnosis  in  favor  of  recurrent  vomiting  is  the 
tendency  to  repeated  attacks,  and  the  absence  of  severe  abdominal 
pain.  As  contrasted  with  intussusception  there  is  also  the  absence 
of  bloody  mucous  stools  and  of  any  discoverable  tumor.  Generally, 
too,  although  constipation  can  be  temporarily  relieved  by  treatment, 
the  vomiting  persists  until  the  attack  is  about  to  terminate. 

Prognosis.  This  is  generally  good,  although  not  necessarily  so. 
Recovery  nearly  always  takes  place,  even  from  a  condition  of  most 
alarming  prostration.  That  cases  do  die,  however,  two  of  those 
reported  show. 

With  regard  to  the  likelihood  of  the  recurrence  of  attacks,  experi- 
ence with  the  disease  has  not  been  sufficient  as  yet  to  allow  of  any 
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positive  cooclusioDs  being  formed.  It  seems  probable,  however, 
that  the  disposition  of  the  attacks  to  recur  diminishes  as  the  child 
grows  older.  This  vve  can  reasonably  hope  for,  since  we  know  that 
in  children  vomiting  is  brought  on  by  many  causes  much  more 
easily  than  in  later  life.  In  one  of  my  own  cases  (I.)  the  affection 
seems  to  have  disappeared.  In  another  (II.)  a  longer  time  has  now 
elapsed  than  ever  occurred  before.  In  one  of  Rachford's  cases  the 
disease  was  replaced  by  migraine  as  the  child  grew  older.  In  Holt's 
case  and  in  one  of  Rotch's  the  disease  seemed  to  cease  with  increas- 
ing age. 

Treatment.  This  is  most  unsatisfactory.  The  attack  once 
developed  generally  goes  on  in  spite  of  treatment  until  it  exhausts 
itself.  Being  entirely  ignorant  of  the  nature  of  the  exciting  or  more 
remote  causes,  our  preventive  treatment  can  be  only  experimental. 
Every  element  which  can  be  even  suspected  as  an  etiological  factor 
must  be  sought  for  and  removed.  Alterations  in  the  diet  should  be 
tried  ;  overwork  and  overplay  guarded  against,  and  constipation 
most  carefully  prevented.  If  prodromal  symptoms  seem  threaten- 
ing, a  free  purgative  may  possibly  do  good  by  removing  poisonous 
matters  from  the  blood.  Care  must  constantly  be  taken  to  maintain 
a  free  action  of  the  kidneys. 

Should  an  attack  have  actually  commenced  the  first  indication  is 
to  open  the  bowels  freely  by  an  injection,  or,  still  better,  by  saline 
cathartics  or  calomel  if  the  child  can  retain  them.  But  after  the 
first  effort  it  is  well  to  administer  nothing  whatever  by  the  mouth, 
whether  food  or  medicine,  thus  giving  the  stomach  absolute  rest. 
The  use  of  opening  enemata  should  be  discontinued,  and  the  bowel 
reserved  for  small  concentrated  nutrient  enemata  and  the  adminis- 
tration of  medicine.  Perhaps  the  best  drugs  to  use  in  this  way  are 
chloral  and  the  bromides  in  full  doses.  Morphine  hypodermatically 
has  certainly  done  good  in  some  instances.  This  was  notably  true 
in  my  second  case,  where  the  narcotizing  of  the  child  seemed  to  be 
the  means  of  saving  his  life.  It  should  certainly  be  tried  early  in 
all  bad  cases.  Stimulants  by  the  rectum  and  strychnine  and  digi- 
talis by  the  skin  are  to  be  used  as  needed.  Hypodermoclysis  is  a 
treatment  for  severe  cases  which  seems  to  offer  the  hope  of  benefit. 
Ice  or  counter-irritants  to  the  epigastrium  may  be  tried.  As  the 
disease  advances,  and  especially  if  a  lull  in  the  vomiting  occurs,  it 
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is  safe  again  to  try  to  obtain  a  free  action  of  the  bowels  by  the  ad- 
ministration by  the  mouth  of  repeated  doses  of  phosphate  of  soda  or 
Koehelle  salts.  This  is  on  the  principle  that  if  the  vomiting  is  an 
effort  by  nature  to  eliminate  the  poison  from  the  system  free  drain- 
age through  the  bowel  may  aid  in  accomplishing  this  end.  But 
there  is  nothing  to  be  gained  at  any  time  by  a  mere  unloading  of  the 
bowel  by  enemata,  as  though  the  constipation  were  the  cause  of  the 
vomiting. 


DISCUSSION. 


Dr.  Stockton  :  Dr.  Griffith  did  not  speak  very  particularly  about  the 
character  of  the  vomitiDg.  I  have  found  in  all  my  cases  that  the  vomited 
matter,  after  the  stomach  has  been  relieved  of  its  food  contents,  is  practi- 
cally pure  gastric  juice.  It  will  respond  to  all  the  tests  for  gastric  juice  and 
is  vomited  in  large  quantities.  One  striking  feature  about  it  is  that  when 
improvement  begins  the  hydrochloric  acid  disappears  from  the  stomach 
contents.  I  cannot  say,  however,  in  what  proportion  of  cases  this  disap- 
pearance occurs,  but  it  is  my  belief  that  it  is  the  rule. 

A  second  matter  that  has  attracted  my  attention  is  that,  even  in  children, 
there  is  a  periodicity  in  recurrence,  and  in  that  respect  my  experience  differs 
from  that  of  Dr.  Griffith.  In  one  child  that  I  had  under  observation  from 
five  to  thirteen  years  of  age  there  was  always  two  and  usually  three  or  four 
attacks  in  the  year,  which  occurred  in  the  third  or  sixth  month  intervals. 

I  wish  to  confirm  Dr.  Griffith's  opinion  that  there  is  some  difference 
between  these  cases  and  those  described  by  Leyden.  In  children  the  ap- 
parent periodicity,  the  peculiar  character  of  the  juices  vomited,  the  intense 
prostration,  and  the  very  rapid  convalescence  make  it  a  very  striking  dis- 
ease. I  have  seen  no  deaths  and  have  never  before  heard  of  a  child  dying 
from  this  disease,  and  the  deaths  that  are  reported  here  it  seems  to  me  must 
have  been  accidental — the  result  of  complications ;  for  such  an  end  is  not  to 
be  expected. 

Dr.  W.  W.  Johnston  :  I  have  had  the  opportunity  of  seeing  three  cases 
of  recurrent  vomiting  which  in  all  essential  points  were  like  those  reported 
by  Dr.  Griffith.  One  of  these  I  watched  from  its  early  development  until  it 
ended  in  recovery,  after  an  attack  of  scarlet  fever,  at  the  age  of  fifteen  years. 
Another  case,  a  child  now  twelve  years  of  age,  has  been  followed  for  five 
years  past,  a  distinct  improvement  taking  place  from  year  to  year.  In  both 
of  these  cases  the  recurrent  attack  of  vomiting  accompanied  by  great  pros- 
tration has  been  the  distinctive  feature.  The  third  case,  one  of  recent  origin, 
is  peculiar  in  that  from  the  very  first  attack  the  symptoms  were  of  an  alarm- 
ing character ;  in  the  second  attack,  a  few  months  after  the  first,  the  child 
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was  exceedingly  prostrated  and  at  one  moment  appeared  to  be  dying.  In 
two  of  these  cases  there  was  the  vomiting  of  altered  blood  in  addition  to  the 
symptoms  mentioned  to-day.  Another  symptom  that  has  not  been  spoken  of 
is  the  cyanosis,  with  cold  extremities  and  feeble  pulse,  that  is  associated  with 
the  latest  stages  of  the  attack.  The  apparent  imminence  of  death  is  very 
marked,  but  just  as  the  patient  reaches  the  point  of  dying  the  improvement 
begins.  All  the  children  that  I  have  seen  were  the  offspring  of  nervous 
parents,  were  precocious,  and  the  victims  of  child-neurasthenia.  The  asso- 
ciation of  preternatural  mental  development  and  recurrent  vomiting  is  a 
constant  one.  The  condition  is  not  due  to  indigestion  or  cold,  is  not  a  sim- 
ple catarrh,  and  is  not  prevented  by  methods  that  improve  digestion.  The 
development  of  a  toxin,  which  may  be  the  same  as  that  concerned  in  the 
causation  of  neurasthenia,  may  be  the  cause  of  this  disease.  In  all  its  essen- 
tial features  it  is  a  toxaemia. 

The  treatment,  in  my  opinion,  that  offers  the  greatest  hope  of  benefit  is  one 
directed  to  the  child's  nervous  system,  with  the  view  of  retarding  precocious 
mental  development  and  improving  general  nutrition.  In  older  children 
complete  bodily  rest  for  a  time,  or  a  modified  rest  treatment,  is  of  service. 
The  collapse  symptoms  with  cyanosis  are  most  quickly  relieved  by  subcu- 
taneous and  rectal  injections  of  normal  salt  solution.  In  the  last  case  to 
which  I  referred  the  immediate  effect  of  hypodermoclysis  was  marvellous, 
the  patient's  pulse  growing  stronger  and  the  great  restlessness  subsiding 
almost  immediately  after  the  injection. 

Dr.  Kinnicutt  :  I  would  like  to  say  a  word  in  regard  to  the  treatment. 
The  treatment  I  have  found  most  satisfactory  consists  in  the  use  of  the  saline 
solution.  By  this  method  you  not  only  stimulate  the  circulation  and  heart 
in  the  most  satisfactory  way,  but  you  supply  the  lack  of  water  and  bring 
about  elimination  through  the  kidneys  if,  indeed,  you  are  dealing  with  a 
toxin.  In  giving  the  treatment  by  enteroclysis  I  use  the  solution  at  a  tem- 
perature of  115°  to  120°,  or  if  by  hypodermoclysis  at  a  temperature  of  110° 
to  112°. 

Dr.  Forchheimer  :  I  have  seen  quite  a  large  number  of  these  cases, 
especially  the  milder  ones,  for  I  have  seen  only  one  that  died.  It  has 
seemed  to  me  that  a  careful  study  of  these  patients  from  infancy  must  make 
one  reflect  upon  the  presence  of  certain  symptoms  that  seemed  to  be  pre- 
dominating in  the  intervals.  In  the  first  place,  these  patients  are  always 
constipated ;  secondly,  they  are  always  neurotic  children,  and,  in  the  third 
place,  in  a  majority  of  these  cases  the  anatomical  basis  for  constipation 
exists — that  is,  an  exaggerated  development  of  the  descending  colon,  such 
as  is  found  so  often  in  children.  These  things  combined  lead  one  to  con- 
clude that  this  anatomical  condition  is  the  physical  basis  of  the  disease,  the 
resultant  of  which  would  be,  of  course,  that  retained  materials  are  absorbed 
into  the  circulation,  and,  as  is  so  frequently  the  case,  these  are  eliminated  by 
the  stomach  and  cause  vomiting.     Another  thing  that  speaks  in  favor  of  this 
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view  is  the  fact  that  as  the  colon  develops— that  is,  from  ten  to  fifteen  years 
of  age — the  children  lose  this  condition  of  recurrent  vomiting.  There  is  no 
doubt  that  there  are  other  forms  of  cyclical  vomiting  besides  this  one.  I 
have  seen  one  case  in  which  repeated  attacks  of  intussusception,  verified  by 
autopsy,  produced  this  symptom.  Again,  in  some  children  it  seems  as  if  this 
symptom  could  be  provoked  purely  upon  a  psychical  basis.  As  to  the  treat- 
ment, so  far  as  my  experience  is  concerned,  prophylaxis  is  most  important, 
in  that  the  aperistalsis  ought  to  be  relieved  by  all  the  means  at  our  command. 

Dr.  Shattuck  :  I  would  like  to  ask  Dr.  Griffith  about  the  findings  at  the 
autopsy  in  his  first  case. 

Dr.  Griffith  :  There  was  an  increase  of  the  epithelium  of  the  gastro- 
intestinal tract,  with  some  degeneration  of  the  glomeruli  of  the  kidney,  but 
not  marked. 

Dr.  Shattuck  :  I  have  had  one  fatal  case  which  I  suppose  would  come 
under  this  category.  The  child  was  very  neurotic  and  very  precocious  men- 
tally. After  almost  three  weeks  of  obstinate  and  uncontrollable  vomiting  she 
died.  Dr.  Councilman  made  the  autopsy,  examining  the  brain  and  spinal 
cord.  There  was  an  extreme  degree  of  fatty  degeneration  of  the  heart,  liver, 
and  kidneys,  the  most  extreme.  Dr.  Councilman  said,  he  had  ever  seen  up 
to  this  time,  but  of  not  more  than  a  few  days'  duration,  he  believed.  It 
seemed  some  form  of  infection. 

Dr.  Griffith  :  I  am  very  glad,  indeed,  that  the  paper  has  brought  out 
so  much  discussion,  because  I  felt  sure  that  there  must  exist  a  much  larger 
experience  with  the  disease  than  the  very  meagre  remarks  in  text-books 
would  indicate.  With  regard  to  the  character  of  the  vomited  matter,  I 
would  say  that  the  only  case  I  find  reported  in  which  an  excessive  secretion 
of  hydrochloric  acid  is  mentioned  is  that  reported  by  Dr.  Snow.  Dr.  John- 
ston's remarks  express  exactly  my  experience.  I  have  spoken  in  detail  of 
the  matters  in  my  paper,  but  have  omitted  them  in  my  abbreviated  remarks 
before  you  in  order  to  save  time.  Dr.  Trudeau  has  just  asked  me  privately 
whether  the  condition  is  not  allied  to  migraine.  I  should  say  yes.  In  one 
of  the  cases  reported  by  Rachford  migraine  developed  and  the  attacks  of 
vomiting  ceased  as  the  child  grew  older. 

Regarding  the  use  of  hypodermoclysis,  to  which  one  of  the  speakers  has 
referred,  I  believe  that  this  treatment  may  prove  of  value.  In  my  first  fatal 
case,  the  child  of  a  physician,  I  urged  that  this  treatment  be  tried  if  another 
attack  occurred,  but  for  certain  reasons  it  was  not  done.  It  is  perfectly  true, 
as  has  been  remarked,  that  it  is  well,  if  possible,  to  get  ahead  of  the  attacks 
by  treatment  in  the  intervals.  To  confine  the  child  to  bed,  however,  is  out 
of  the  question.  As  there  is  no  regularity  in  the  occurrence  of  seizures,  it 
is  manifestly  impossible  to  put  the  patient  in  bed  for,  perhaps,  months  or 
a  year. 


THE   SANITARIUM   TREATMENT   OF  INCIPIENT  PUL- 
MONARY   TUBERCULOSIS,  AND  ITS  RESULTS. 


By  E.  L.  TRUDEAU,  M.D.,  M.Sc, 

OF  SARANAC  LAKE,   N.   Y. 


Many  years  ago  circumstances  placed  me  in  a  position  where  the 
problems  connected  with  tuberculosis  were  of  necessity  daily  before 
me,  and  afforded  ample  opportunities  for  the  study  of  the  disease  in 
its  clinical,  scientific,  and  humanitarian  aspects.  The  long  time 
required  to  obtain  a  cure,  or  even  an  arrest,  of  the  disease  by  the 
climatic  and  open-air  method,  and  the  necessary  expenses  it  entailed, 
when  added  to  the  loss  of  income  incident  to  months  of  enforced  idle- 
ness, seemed  to  put  the  practical  application  of  this  method  of  cure 
beyond  the  reach  of  the  majority  of  individuals  who  have  to  earn  their 
own  living.  An  institution  that  would  offer  this  opportunity  and  a 
return  to  a  life  of  usefulness  to  workingmen  and  women  at  a  moder- 
ate cost  seemed  an  urgent  necessity,  and  induced  me  to  attempt  the 
establishment  of  such  an  institution  and  put  the  methods  so  long 
advocated  by  Brehmer  to  a  practical  test. 

In  view  of  the  present  wide-spread  agitation  on  the  subject  of 
tuberculosis  I  have  thought  at  this  time  some  of  the  experiences  and 
results  obtained  in  the  past  fifteen  years,  while  developing  the  first 
sanitarium  in  America  for  the  treatment  of  pulmonary  tuberculosis  in 
persons  of  moderate  means,  might  prove  of  interest. 

In  looking  back  it  seems  curious  to  note  while  every  new  con- 
sumption cure  advocated  has  at  once  been  eagerly  taken  up  and 
tested,  how  slowly  the  rational  teachings  of  Brehmer  in  regard  to  the 
treatment  of  the  disease  came  to  be  generally  accepted  even  abroad, 
while  in  this  country  the  value  of  his  methods  is  only  now  beginning 
to  be  realized. 
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I  will  not  weary  you  with  a  detailed  description  of  the  Adirondack 
Cottage  Sanitarium,  its  history,  its  struggle  for  existence,  or  its  growth 
and  development,  but  will  merely  touch  briefly  on  a  few  points  which 
relate  to  the  class  of  patients  it  tries  to  cure  or  relieve,  call  your  atten- 
tion to  a  few  features  of  the  treatment,  and  lay  before  you  the  results 
obtained  in  the  past  fifteen  years.  My  acknowledgments  for  valuable 
assistance  and  support  are  due  to  the  late  Dr.  Alfred  L.  Loomis,  to 
Dr.  E.  Gr.  Janeway,  Dr.  Walter  B.  James,  Dr.  H.  P.  Loomis,  and 
Dr.  E  R.  Baldwin,  who  for  many  years  have  examined  without 
remuneration  applicants  for  admission  to  the  institution. 

The  two  requisites  for  admission  are  that  the  patient  should  be 
unable  to  pay  the  usual  prices  charged  in  the  region  and  that  he 
should  be  in  the  incipient  stages  of  the  disease.  Five  dollars  a  week 
has  been  the  uniform  charge  to  all  alike ;  no  graded  rates  or  private 
patients ;  no  charge  for  medical  attendance,  the  deficiency  in  the  run- 
ning expenses  being  made  up  each  year  by  subscriptions.  It  is  a 
pleasure  to  me  to  state  that  during  the  past  fifteen  years  not  only 
has  money  enough  to  meet  this  deficiency  been  always  forthcoming, 
but  that  the  growth  and  development  of  the  institution  has  been 
rendered  possible  by  what  has  been  put  aside  each  year  over  and 
above  the  amount  necessary  to  meet  the  running  expenses,  the  plant 
paid  for  and  entirely  free  from  debt,  and  that  enough  has  been  saved 
to  accumulate  a  Free  Bed  Fund  of  $18,000  and  an  Endowment  Fund 
of  #150,000. 

Experience  has  shown  most  forcibly  that  the  success  of  institu- 
tional treatment  depends  upon  the  early  detection  of  the  disease.  It 
has  been  found  that  68  per  cent,  of  truly  incipient  cases  were  dis- 
charged as  apparently  cured,  while  only  11  per  cent,  of  advanced 
cases  recovered.  We  must  recognize  more  and  more  the  evident 
limitations  of  physical  examination  alone,  and  the  dictum  so  often 
assumed  that  if  nothing  can  be  detected  by  this  method  the  disease  is 
not  present  seems  to  me  utterly  untenable.  The  pretubercular  stage 
of  tuberculosis  so  much  written  about  is  nothing  more  than  the  first 
stage  of  tuberculous  infection  before  physical  signs  have  appeared. 
In  the  first  stages  of  miliary  tuberculosis  of  the  lungs  there  are  no 
appreciable  physical  signs,  and  no  physical  examination  can  be  ex- 
pected to  detect  the  onset  of  tuberculous  infection  in  the  glands  or 
deep  tissues  and  organs  of  the  body. 
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In  attempting  to  make  an  early  diagnosis  in  obscure  cases  of  late 
I  have  occasionally  been  assisted  in  reaching  a  conclusion  by  a  care- 
ful X-ray  examination,  and,  where  it  was  necessary,  by  the  tuberculin 
test.  I  have  had  on  several  occasions  a  practical  demonstration  that 
an  examination  with  a  good  X-ray  machine  and  the  fluoroscope  may 
in  early  cases  be  of  service  in  affording  additional  evidence  of  the 
presence  of  the  disease.  The  diaphragm  is  seen  to  be  higher  on  the 
suspected  side,  or  its  excursion  diminished  on  one  or  both  sides,  and 
in  many  cases  a  slight  shadow  can  also  be  detected  at  the  site  of  the 
suspected  lesion.  Of  course,  this  may  occur  as  the  result  of  any  other 
pathological  condition  which  tends  to  diminish  the  expansive  action  of 
the  lungs  and  impair  their  transparency,  such  as  areas  of  pneumonic 
infiltration,  bronchitis,  etc.,  but  if  the  history  and  rational  signs  are 
carefully  considered  these  may  generally  be  excluded. 

If  additional  and  more  conclusive  evidence  is  required  the  tuber- 
culin test  should  be  applied.  By  a  resort  to  this  test  a  positive 
opinion  one  way  or  the  other  can  often  be  reached,  and  if  the  initial 
dose  does  not  exceed  one  milligramme  the  constitutional  disturbance 
caused  by  it  is  slight,  and  no  injury  to  the  patient  has,  in  my  ex- 
perience, ever  resulted  from  such  a  test.  During  the  past  two  years 
I  have  seen  several  cases  in  which  a  slight  impairment  of  health, 
without  cough,  physical  signs,  or  appreciable  rise  of  temperature, 
being  the  only  symptom  present,  a  diagnosis  of  tuberculosis  was  made 
possible  by  a  study  of  the  fluoroscope  picture,  and,  if  this  proved 
negative,  the  application  of  the  tuberculin  test,  the  correctness  of 
the  diagnosis  being  confirmed  later  by  the  appearance  of  physical 
signs  in  the  chest,  of  haemoptysis,  or  of  cough,  expectoration,  and 
bacilli.  One  case  which  I  saw  during  the  earlier  part  of  last  sum- 
mer illustrates  these  points.  Repeated  physical  examinations  by  ex- 
perts of  undoubted  skill  had  been  negative ;  the  X-ray  picture  was 
inconclusive ;  there  was  no  cough  or  expectoration,  the  only  symp- 
toms present  being  some  loss  of  weight  and  strength,  and  a  tempera- 
ture which  occasionally  touched  99.5°  in  the  evening.  The  gentleman 
being  a  physician  and  insisting  on  a  diagnosis,  I  advised  the  tuber- 
culin test.^    Two  milligrammes  gave  a  typical  reaction.    He  obtained  a 

1  Koch's  original  tuberculin  was  used  at  the  Sanitarium  for  a  year  after  the  announcement 
by  this  investigator  of  this  new  method  of  treatment.  From  that  time,  however,  all  the  tuber- 
culin has  been  produced  at  the  Saranac  Laboratory,  and  has  been  modified  according  to  the 
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year's  leave  of  absence  and  went  West.  A  few  months  later  he  wrote 
me  he  had  gained  twenty  pounds,  and  that  no  one  believed  he  had 
ever  had  tuberculosis.  Recently,  1  received  a  letter  from  him  stating 
that  one  morning,  after  some  unusual  physical  exertion  the  previous 
day,  he  had  spit  a  teaspoonful  of  blood,  and  that  on  being  examined 
by  a  physician  he  had  been  told  that  there  was  a  slight  pleuritic  fric- 
tion sound  behind  the  right  scapula. 

The  scope  of  this  paper  will  not  allow  me  to  discuss  the  details  of 
institutional  treatment,  of  which  the  main  factors  are  an  invigorating 
climate ;  an  open-air  life ;  rest,  coupled  with  a  careful  regulation  of 
the  daily  habits ;  an  abundant  supply  of  nutritious  food,  with  the 
exhibition  of  such  tonic  and  restorative  measures  as  may  be  indicated 
in  each  case.  I  think,  however,  the  favorable  influence  of  rest  on  the 
course  of  a  tuberculous  process  is  not  generally  recognized.  Surgery 
has  taught  us  that  activity  of  a  part  affected  with  tuberculosis  always 
tends  to  aggravate  the  disease  and  to  render  it  progressive.  A  tuber- 
culous joint  may  often  be  cured  by  simple  immobilization,  while  it 
will  go  on  to  destruction  if  the  patient  be  allowed  to  use  it  at  will. 
In  advanced  tuberculous  ulceration  of  the  larynx,  where  it  becomes 
necessary  to  perform  tracheotomy,  the  rest  afforded  to  the  parts  by 
the  operation  is  at  once  followed  by  a  remarkable  improvement  in 
the  disease  in  the  larynx.  Murphy's  proposed  treatment,  which  con- 
sists in  putting  the  diseased  lung  completely  at  rest  by  introducing 
nitrogen  gas  into  the  pleural  cavity,  is  another  proof  of  the  recognition 
by  the  surgeon  of  the  value  of  absolute  rest. 

Absolute  rest,  so  long  as  it  is  taken  in  the  open  air,  is  the  best 
measure  at  our  command  to  reduce  the  pyrexia  of  tuberculosis,  to 


indications  which  the  latest  researches  on  this  subject  seemed  to  call  for.  For  several  years  a 
tuberculin  made  like  Hunter's  modification  B.  was  principally  in  use.  The  general  plan  of 
separating  the  albumoses  from  the  culture  fluid  laid  down  by  Hunter  was  adopted ,  except  that 
no  heat  was  used  at  any  time  in  the  process. 

Before  making  an  extensive  trial  of  Koch's  new  TR  tuberculin,  it  was  thought  best  to  study 
this  substance  in  the  laboratory.  The  researches  made  there  by  Dr.  E.  R.  Baldwin  and  myself 
showed  that  samples  of  TR,  as  it  was  first  put  on  the  market,  contained  living  tubercle  bacilli, 
and  for  this  reason  the  substance  as  then  produced  was  considered  unsuitable  for  the  treat- 
ment of  human  tuberculosis.  Dr.  Baldwin  has  also  recently  shown  that,  although  the  direc- 
tions accompanying  the  bottles  of  the  new  TR  tuberculin  state  that  it  contains  ten  milli- 
grammes of  solid  substance,  if  the  water  and  glycerin  be  evaporated  about  four  milligrammes 
only  of  solid  substance  remain. 

During  the  past  year  Hahn's  tuberculo-plasmine,  made  after  the  method  of  Buchner  and 
Hahn,  of  crushing  the  bacteria  with  excessive  hydraulic  pressure,  has  been  used  in  a  limited 
number  of  cases. 
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conserve  the  patient's  energies,  to  abort  the  activity  of  the  process, 
and  encourage  the  formation  of  fibrous  tissue  about  it.  The  objec- 
tion that  a  patient  cannot  digest  if  he  does  not  exercise  does  not  seem 
generally  to  be  supported  by  experience,  as  most  of  the  patients,  while 
living  out-of-doors  and  kept  absolutely  at  rest,  eat  and  digest  an  amount 
of  nourishing  food  that  would  suffice  for  laboring  men. 

Specific  methods  of  treatment  have  been  very  little  used  at  the  Sani- 
tarium, with  the  exception  of  tuberculin,  which  has  been  employed  with 
the  utmost  care  for  the  past  eight  years,  in  selected  cases,  in  order  that 
some  evidence  as  to  its  healing  or  immunizing  influence,  when  given 
under  the  most  favorable  conditions  of  environment,  might  be  obtained. 
Tuberculin  treatment  is  apparently  injurious  rather  than  beneficial 
in  all  those  forms  in  which  the  disease  is  actively  progressing  or 
where  there  is  any  marked  fever  or  constitutional  impairment.  It  is 
evident  that  the  addition  of  more  toxin  to  an  organism  already  unable 
to  cope  successfully  with  that  produced  by  the  disease  would  not  be 
likely  to  be  beneficial.  Such  treatment  would  find  a  parallel  case  in 
an  attempt  to  produce  immunity  by  injecting  more  diphtheria  toxin 
in  the  case  of  a  child  with  diphtheria  already  overwhelmed  by  the 
poisonous  substances  elaborated  by  the  germs. 

The  exhibition  of  tuberculin  has  been  confined  at  the  Sanitarium 
to  apyretic  cases,  or  those  that  were  nearly  so,  if  well  nourished  and 
with  moderate  lesions,  the  diagnosis  of  the  disease  being  confirmed  in 
every  case  by  a  microscopical  examination  of  the  expectoration.  The 
treatment  should  be  begun  with  a  minimum  dose,  very  gradually 
increased,  and  with  lengthening  intervals,  so  as  to  avoid  the  produc- 
tion of  constitutional  symptoms,  except,  perhaps,  occasionally  a  slight 
rise  of  temperature,  and' continuing  the  injections  for  several  months, 
until  no  general  reaction  is  produced  even  by  large  doses ;  the  nutri- 
tion of  the  patient  being  closely  watched,  and  the  injections  continued 
only  so  long  as  the  weight  is  kept  up  and  the  nutritive  condition 
remains  at  a  high  standard.  In  other  words,  the  aim  being  to  pro- 
duce repeated  local  reactions  with  but  slight  or  no  general  reaction, 
and  gradual  habituation  to  the  tuberculin  toxin.  The  doses  and  the 
interval  between  them  should  be  carefully  adapted  to  the  needs  of 
each  case,  and  the  best  results  by  this  method  are  obtainable  only 
with  care,  patience,  and  skill.  Time  is  also  an  important  element, 
and  my  experience  has  seemed  to  confirm  that  of  Petruschky  in  so 
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far  as  necessity  of  repeating  a  course  of  injections  after  an  interval  of 
several  months,  when  susceptibility  to  reaction  has  returned.  The 
reason  for  this  is  obvious  when  we  reflect  that  all  tuberculous  foci  in 
the  body  are  not  at  the  same  stage  of  their  development  when  the 
treatment  is  begun.  When  applied  with  care,  avoiding  the  production 
of  violent  reaction  and  high  fever,  I  have  never  seen  any  evidence 
that  would  lead  me  to  think  that  the  treatment  had  proved  injurious 
at  any  time  to  the  patients  who  were  subjected  to  it. 

Time  will  not  allow  me  to  discuss  the  various  opinions  held  as  to 
the  nature  of  tuberculin  reaction  or  the  question  of  artificial  immunity 
in  this  disease,  but  I  will  merely  lay  before  you,  so  far  as  it  can  be 
done  by  figures,  the  results  of  the  application  of  this  treatment  to  the 
human  subject  under  the  most  favorable  conditions  of  environment,  in 
so  far  as  they  relate  to  any  apparent  curative  influence  of  the  injec- 
tions and  to  any  immunizing  efi'ect  as  shown  by  the  prevention  of 
relapse.  I  have  selected  only  the  cases  treated  since  1894,  its  before 
that  the  details  of  the  method  were  less  understood,  and  it  was  often 
only  temporarily  applied.  Since  1894,  56  cases  have  been  treated 
by  this  method.  It  has  been  possible  to  follow  the  results  in  only  50. 
Of  these  I  have  taken  only  the  incipient  cases,  so  as  to  avoid  as  much 
as  possible  errors  of  classification,  although  the  results  in  the  cases 
classed  as  advanced  were  proportionately  somewhat  more  favorable. 

There  were  24  incipient  cases,  and  of  these,  20,  or  83  per  cent., 
were  discharged  as  apparently  cured.  For  comparison,  if  we  take 
the  last  113  incipient  cases  treated  at  the  Sanitarium  by  climatic  and 
open-air  methods  alone  during  the  past  three  years,  82,  or  a  little 
over  72  per  cent.,  were  discharged  apparently  cured ;  so  it  would 
appear  from  these  figures  that  tuberculin  had  had  some  favorable 
influence  on  the  results.  Some  little  allowance,  however,  must  be 
made  for  the  fact  that,  even  though  all  these  cases  were  classed  as 
incipient,  those  treated  with  tuberculin  were  selected  with  special  care. 
In  order  to  procure  some  evidence  as  to  the  immunizing  eff'ect  of  this 
treatment  and  its  power  to  prevent  relapses,  an  attempt  has  been  made 
to  trace  50  apparently  cured  tuberculin-treated  cases,  and  for  compari- 
son 50  untreated  cases  which  corresponded  as  exactly  as  possible  in  point 
of  classification  on  admission  and  discharge,  and  which  were  in  the  in- 
stitution at  the  same  time  and  remained  the  same  length  of  time,  have 
been  studied,  with  the  results  shown  in  the  following  tables : 
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Treated. 

Not  traced 3     • 

Remained  well : 

Returned  to  work  in  former  surroundings  .  .  29 
Living  out-of-doors  life  in  other  good  climates      .      7 

Not  working 5 — 41 

Relapsed  (living) 1 

Relapsed  (dead) 4 

Died,  insanity 1 

Total 50 

Not  Treated. 

Not  traced 3 

Remained  well : 

Returned  to  work  in  former  surroundings  .  .  21 
Living  out-of-doors  life  in  other  good  climates  .  10 
Not  working 5—36 

Relapsed  (living)    ..." 6 

Relapsed  (dead) 6 

Total        ..........  50 

Of  the  50  tuberculin-treated  cases  discharged  apparently  cured  at 
varying  periods  since  1891,  3  could  not  be  traced  and  41  remain 
well  to  this  date.  If  we  take  50  untreated  patients  who  were  also 
discharged  apparently  cured  at  the  same  periods  of  time,  and  leave 
out  3  to  correspond  with  untraced  tuberculin-treated  cases,  36  up  to 
date  are  known  to  have  remained  well.  These  figures  show  a  slight 
percentage  in  favor  of  the  tuberculin  cases,  but  unfortunately  are  not 
sufficiently  marked  to  be  in  any  way  conclusive. 

My  experience  with  tuberculin  treatment  at  the  Sanitarium  thus 
far  has  led  me  to  believe  that  when  carefully  applied  in  suitable  cases 
it  has  proved  apparently  free  from  any  danger,  and  that  it  has  seemed 
to  have  some  favorable  influence  in  bringing  about  healing  of  the 
lesions,  probably  by  inciting  the  formation  of  fibrous  tissue.  In  this 
it  resembles  Landerer^s  treatment  by  injections  of  cinnamonate  of 
soda,  this  substance  producing  a  local  general  leucocytosis,  and  stimu- 
lating the  formation  of  fibrous  tissue  around  the  tubercle,  and  thus 
tending  to  limit  the  disease.  That  a  certain  reaction  of  the  tissues, 
as  shown  by  vascular  hypergemia  and  leucocytosis,  is  capable  of  favor- 
ably influencing  a  tuberculous  process  is  shown  in  the  cure  of 
peritoneal  tuberculosis  by  laparotomy,  which  occurs  as  the  result. of 
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the  hyperaemia  of  the  tissues  brought  about  by  the  traumatism  of  the 
operation  and  their  exposure  to  the  air. 

The  immunizing  effect  of  tuberculin  as  observed  in  the  human  sub- 
ject would  appear  to  be  more  uncertain  both  as  to  degree  and 
duration,  and  artificial  immunity  is  still  the  unattained  goal  of  experi- 
mental research.  While  the  evidence  as  presented  by  the  cases  treated 
with  tuberculin  at  the  Sanitarium  is  somewhat  favorable  to  this  form 
of  treatment,  it  is  restricted  as  yet  to  a  very  limited  number  of  cases, 
and  it  must  be  admitted  that  these  are  usually  such  as  are  likely  to 
recover  under  climatic  and  open-air  methods  alone. 

The  exact  results  obtained  at  the  institution  by  the  combined 
climatic  and  sanitarium  treatment  are  diflScult  to  express  in 
figures,  because  they  are  generally  influenced  by  the  class  of  cases 
accepted.  With  advancing  familiarity  with  the  disease,  and  improved 
methods  of  diagnosis,  our  standards  have  also  steadily  altered,  so 
that  what  would  have  been  considered  an  incipient  case  fifteen  years 
ago  would  be  classed  as  an  advanced  one  to-day  in  most  instances. 
Furthermore,  the  term  ^'  cure "  can  also  be  used  only  in  a  relative 
sense,  time  as  measured  by  years  being  the  only  criterion  of  cure. 
Of  late  the  results  obtained  have  been  better  than  formerly,  and  this 
is  due,  no  doubt,  not  only  to  improvements  in  methods  and  plant,  but 
to  the  fact  that  more  really  favorable  and  early  cases  are  available 
than  formerly. 

In  making  out  the  yearly  reports  of  the  institution  I  have  adopted 
from  the  first,  and  printed  in  each  report,  the  following  classification, 
imperfect  as  I  feel  it  to  be,  as  the  best  I  could  devise  to  express  the 
classes  of  patients  admitted  and  the  results  obtained : 

Definition  of  Terms  Employed. 

1.  Incipient.  Cases  in  which  both  the  physical  and  rational  signs 
point  to  but  slight  local  and  constitutional  involvement. 

2.  Advanced.  Cases  in  which  the  localized  disease-process  is 
either  extensive  or  in  an  advanced  stage,  or  where,  with  a  compara- 
tively slight  amount  of  pulmonary  involvement,  the  rational  signs 
point  to  grave  constitutional  impairment  or  to  some  complication. 

3.  Far  Advanced.  Cases  in  which  both  the  rational  and  physical 
signs  warrant  the  term. 

4.  Apparently    Oured.     Cases   in    which   the   rational   signs    of 
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phthisis  and  the  bacilli  in  the  expectoration  have  been  absent  for  at 
least  three  months  or  who  have  no  expectoration  at  all ;  any  abnormal 
and  physical  signs  remaining  being  interpreted  as  indicative  of  a 
healed  lesion. 

5.  Arrested.  Cases  in  which  cough,  expectoration,  and  bacilli 
are  still  present,  but  in  which  all  constitutional  disturbance  has  dis- 
appeared for  several  months,  the  physical  signs  being  interpreted  as 
indicative  of  a  retrogi-essive  or  arrested  process. 

An  idea  of  the  best  results  obtained  thus  far  can,  perhaps,  be 
gained  by  a  glance  at  the  following  table,  copied  from  the  last  three 
annual  reports,  1897-98-99,  provided  the  figures  are  considered 
together  with  the  classification  adopted.  Patients  who  have  remained 
less  than  three  months  are  put  in  a  separate  class,  as  little  can  be 
accomplished  in  the  way  of  permanent  results  while  in  the  institution 
for  so  short  a  period  : 

Table. — 323  Patients  who  Remained  an  Average  of  8f  months. 


Condition  of  patient 
when  admitted. 

Apparently  cured. 

Disease 
arrested. 

Improved. 

Unim- 
proved or 
failed. 

Died. 

113  incipient  cases 
151  advanced     " 
59  far      " 

82    72.566  pr.ct. 

27     17.88        " 
0 

.25 
67 
12 

4 
43 
26 

2 
13 
16 

0 

1 
5 

323  total. 

109    33.746  pr.ct. 

104 

73 

31 

« 

A  glance  at  the  table  shows  the  following  results:  Out  of  323 
patients  who  remained  an  average  of  eight  and  three-quarter  months 
in  the  institution,  113  of  which  were  classed  as  incipient  cases,  151 
as  advanced,  59  as  far  advanced,  109  were  discharged  apparently 
cured,  104  with  the  disease  arrested,  73  improved,  31  unimproved  or 
failed,  and  6  died.  This  gives  the  best  results  as  yet  attained  at  the 
Sanitarium — i  g.,  33  per  cent,  of  apparent  cures,  and  32  per  cent,  of 
cases  in  which  the  disease  was  arrested. 

If  we  study  the  gross  results  on  the  1200  patients  admitted  during 
the  past  fifteen  years,  the  result  is  as  follows : 

23  per  cent,  were  discharged  as  apparently  cured. 

56       "  "  "  with  the  disease  arrested  or  much  improved. 

19       "  "  "  as  stationary  or  unimproved. 

2       "  died  in  the  institution. 
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I  am  quite  aware  that  cure  in  tuberculosis  is  but  a  relative  term, 
and  that  time  is  the  only  test  of  cure,  a  test  which  becomes  more 
and  more  discouraging  as  the  period  of  the  application  lengthens  and 
we  become  more  familiar  with  the  relapsing  nature  of  the  disease. 
Nevertheless,  I  have  attempted,  with  Dr.  E.  R.  Baldwin^s  assistance, 
to  determine  as  far  as  was  practicable,  the  permanency  of  the  results 
obtained,  extending  over  a  period  of  fifteen  years  to  date.  Of  the 
1176  patients  discharged  alive  about  one-half  are  still  living,  and 
one-half  of  this  number  are  heard  from  as  being  perfectly  well. 
This  proportion  of  one-quarter  of  the  whole  number  covers  the  entire 
fifteen  years,  and  the  percentage,  of  course,  improves  each  year  as 
more  early  cases  are  admitted.  The  permanency  of  the  recoveries 
depend  necessarily  a  good  deal  on  the  environment  to  which  the 
patient  returns.  If  he  is  obliged  to  go  back  to  a  laborious  life  or  an 
in-door  occupation  he  is  much  more  likely  to  relapse  than  if  it  is 
possible  for  him  to  return  to  a  good  climate  and  an  out-door  existence. 

The  education  which  the  patients  receive  at  the  Sanitarium  as  to  the 
nature  of  their  disease  and  the  methods  to  be  relied  upon  in  combat- 
ing it  is  of  the  utmost  value  to  them,  enabling  them  to  preserve  their 
health  and  avoid  relapses  after  they  have  left  the  institution ;  and  this 
education  is  not  limited  to  themselves,  but  is  imparted  by  them  to  the 
great  mass  of  people  with  whom  they  come  in  contact. 

In  addition,  the  attempt  to  cure  pulmonary  tuberculosis  by  institu- 
tional treatment,  and  the  practical  demonstration  which  it  has  given 
of  the  possibility  of  accomplishing  this  in  many  cases,  has  cast  a  ray 
of  light  on  one  of  the  darkest  problems  which  confronts  medical 
science,  and  has  proved  an  object  lesson  which  has,  perhaps,  not  been 
without  influence  in  creating  the  present  popular  demand  that  the 
State  supplement  private  philanthropy  in  the  establishment  of  similar 
institutions  under  its  control. 


DISCUSSION. 


Dr.  Bridge  :  I  had  supposed  that  the  statistics  of  the  use  of  tuberculin 
were  a  little  more  extensive  than  they  are,  and  that  benefits  from  the  careful 
use  of  it  would  show  a  little  better  in  the  statistics  than  they  do ;  but  I  be- 
lieve we  may  take  the  statements  of  Dr.  Trudeau  as  absolutely  reliable. 
From  his  experience,  careful  as  it  has  been,  it  seems  to  me  we  are  hardly 
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justified  in  using  tuberculin  very  much  in  the  treatment  of  tuberculosis.  If 
we  could  have  for  our  cases  all  the  other  attentions  that  he  gives  his  patients, 
and  that  all  patients  with  tuberculosis  should  have,  we  might  resort  to  tuber- 
culin in  the  careful  manner  he  has  indicated ;  but  the  trouble  is  that  every 
time  we  begin  to  use  it  or  serums  we  are  apt  to  neglect  other  measures  that 
are  so  much  more  useful. 

I  applaud  what  he  says  of  the  general  significance  of  tuberculosis  in  his 
sanitarium.  It  is  surprising  that  it  has  taken  us  so  long  to  discover  that  the 
great  measures  for  tuberculous  patients  are  fresh,  pure  air,  if  fever  is  present 
absolute  quiescence  and  freedom  from  exercise,  both  mental  and  physical, 
and  abundance  of  nourishment.  In  private  practice  we  ought  to  try  and 
produce  the  sanitarium  management.  Three-quarters  of  our  patients  could 
probably  be  managed  more  nearly  along  such  lines,  and  a  great  deal  better 
than  they  are  managed,  if  we  made  a  decided  effort.  This  is  important,  for 
most  of  our  patients  cannot  be  treated  in  institutions.  We  find  physicians 
frequently  advising  their  patients  to  stay  in  close  rooms  and  avoid  the  night 
air,  and  they  allow  them  to  eat  such  food  as  their  whim  pleases,  and  even 
order  free  exercise  even  when  their  temperature  is  above  normal  every  day. 
Exercise  is  wrongly  advised,  on  the  theory  that  without  it  the  digestion  will 
go  wrong,  or  on  the  theory  that  exercise  makes  vigor.  Both  are  wrong ;  the 
quiescent  patient  will  digest  large  quantities  of  food  if  taken  in  the  right  way, 
and  the  only  vigor  much  worth  cultivating  is  resisting  power  to  tuberculosis, 
not  capacity  in  gymnastics. 

Dr.  Solomon  Solis-Cohen  :  There  are  two  questions  I  should  like  to 
ask  in  order  to  get  additional  information.  I  should  like  to  know  upon 
what  Dr.  Trudeau  and  his  consultants  depend  to  recognize  tuberculosis 
before  the  physical  signs  or  fluoroscopic  signs  are  sufficiently  advanced  to 
give  positive  evidence ;  and  whether,  in  referring  to  rest,  Dr.  Trudeau  ad- 
vises enforced  local  rest  of  the  lung  as  well  as  general  rest  of  the  body.  In 
my  own  experience  enforced  local  exercise  of  the  lung  is  usually  of  much 
advantage,  except  in  cases  with  active  softening  or  with  persistent  high  tem- 
perature ;  while,  of  course,  in  such  cases  as  Dr.  Trudeau  refers  to,  proper 
alternation  of  general  rest  and  general  exercise  needs  to  be  insisted  upon.  I 
have  for  more  than  ten  years  publicly  advocated  prolonged  rest  in  the  open 
air  for  febrile  cases. 

For  the  general  profession  I  think  that  the  lesson  to  be  drawn  from  Dr. 
Trudeau's  experience  with  tuberculin  is  that  tuberculin  should  only  be  used 
by  Dr.  Trudeau  and  men  like  him.  I  have  recently  had  occasion  to  sum- 
marize this  question,  and  I  believe  Dr.  Trudeau's  remarks  justify  the  state- 
ment I  made,  that  "  its  disadvantages  are  so  positive  and  its  advantages  so 
dubious  that  it  should  be  used  only  with  the  greatest  caution  by  the  most 
skilful  hands." 

Dr.  Trudeau  :  In  making  an  early  diagnosis  I  think  the  rational  signs, 
as  a  rule,  are  not  studied  suflSciently.     A  careful  temperature-record  taken 
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for  one  or  two  weeks,  three  times  daily,  will  help  materially  in  making  a 
diagnosis,  a  thing  which  is  rarely  done.  A  slight  occasional  evening  rise  to 
99.5°  or  100°,  when  accompanied  with  some  evidence  of  impairment  in  the 
general  health,  is  a  suspicious  symptom.  I  recall  a  case  I  saw  in  a  Boston 
hospital  recently  with  Dr.  Williams,  while  studying  with  him  some  of  his 
X-ray  pictures.  He  selected  a  boy  who  had  been  in  the  hospital  for  a  week 
with  symptoms  of  indigestion,  in  order  to  show  me  the  appearance  presented 
by  normal  lungs  with  the  fluoroscope.  I  glanced  at  the  chart  hanging  over 
the  boy's  bed,  and  noticed  that  his  temperature  during  the  week  had  reached 
99.5°  on  one  evening  and  100°  on  another.  I  suggested  that  this,  to  my 
mind,  was  suspicious  of  tuberculosis.  When  examined  under  the  fluoroscope 
there  was  a  slight  shadow  at  the  right  apex,  and  the  excursion  of  the  dia- 
phragm on  that  side  was  markedly  diminished.  We  gave  him  tuberculin, 
and  the  next  day  his  temperature  reached  102°,  confirming  the  diagnosis  of 
tuberculosis,  although  no  other  symptom  had  been  present,  but  an  almost 
unappreciable  deterioration  of  health  and  a  slight  evening  rise  of  tem- 
perature. 

We  need,  I  think,  further  information  in  regard  to  the  tuberculin  test  as 
relates  principally  to  its  reliability,  its  limitations,  and  its  possible  dangers. 
In  cases  in  which  I  have  used  it  I  have  never  seen  it  light  up  a  new  process, 
but  it  is  evident  that  it  is  not  proper  to  use  it  in  all  cases,  especially  in 
those  running  a  high  temperature.  It  is  a  noteworthy  fact  that  there  is 
little  or  no  experimental  evidence  bearing  on  the  possible  dangers  of  the 
tuberculin  test.  I  tried  this  winter  to  get  some  evidence  on  this  point,  and 
to  determine  whether  the  assumption  that  the  tuberculous  process  is  scattered 
by  the  tuberculin  test  was  borne  out  by  experimentation.  My  first  experi- 
ments bore  on  the  duration  of  life  in  guinea-pigs,  but  there  was  no  shortening 
of  the  life-period  in  those  that  took  the  tuberculin.  I  made  another  inter- 
esting experiment  in  order  to  determine  whether  the  tuberculin  test  caused 
the  spread  of  a  localized  tuberculous  process.  Twenty  rabbits  were  inocu- 
lated in  the  cornea,  and  after  three  weeks  all  the  animals  presented  a 
tuberculous  ulcer  of  about  the  same  size.  Ten  of  these  received  doses  of 
tuberculin  sufl&cient  to  cause  reaction  on  four  occasions.  After  a  lapse  of 
eight  weeks  a  comparison  of  the  eyes  of  the  controls  and  tested  animals 
showed  no  evidence  of  spread  of  the  process  in  those  which  had  received 
the  tuberculin. 

In  attempting  to  rest  the  lung  I  have  never  tried  Dr.  Murphy's  suggestion, 
but  have  confined  myself  solely  to  keeping  the  patient  at  rest.  This  is  neces- 
sary only  where  there  is  temperature,  and  the  degree  of  rest  should  be  guided 
by  the  symptoms.  I  feel  strongly,  however,  that  the  regulation  of  the  daily 
life  of  the  p^ient  is  of  the  utmost  importance  to  him,  as  in  this  way  many  of 
the  relapses  usual  to  most  cases  may  be  avoided  and  the  case  ultimately  car- 
ried to  a  favorable  issue. 


ON  THE  ORIGIN  OF  OXALURIA  FROM  FERMENTATION 
IN  THE  GASTRO-ENTERIC  TRACT. 

Communication  by  C.  A.  HEETER,  M.D.,  of  Observations  Made 
IN  His  Private  Laboratory  by  HELEN  BALDWIN,  M.D. 


OxALURiA  is  a  symptom  which  has  forced  itself  upon  the  attention 
of  clinicians  ever  since  Donn6,  in  1838,  discovered  calcium  oxalate 
crystals  in  the  urine.  The  importance  of  the  condition  was  exagger- 
ated by  the  early  observers  in  their  conception  of  an  "  oxalic  acid 
diathesis."  In  the  latter  part  of  the  century,  on  the  other  hand,  it 
has  been  considered  to  be  of  little  consequence.  Yet  the  subject  has 
continued  to  be  of  interest,  because  there  has  never  been  definitely 
determined  what  was  the  origin  and  significance  of  the  oxalic  acid 
found  in  the  urine  when  present  in  large  amount. 

It  was  early  noted  that  the  ingestion  of  foods  rich  in  oxalates  led 
to  the  excretion  of  an  increased  quantity  of  oxalic  acid.  This  is  nota- 
bly true  of  rhubarb.  Esbach  and  Auerbach,  making  analyses  of 
common  foods,  found  oxalic  acid  in  a  large  number  of  vegetables, 
grains,  and  fruits,  as  well  as  in  tea  and  coffee,  so  that  in  an  ordinary 
mixed  diet  oxalic  acid  is  always  present. 

Dunlop,  in  a  paper  published  in  1896,  supported  the  view  that  all 
the  oxalic  acid  which  appeared  in  the  urine  had  been  ingested  with  the 
food,  and  that  oxalic  acid  was  never  formed  in  the  animal  organism 
by  metabolism.  His  proof  of  this  lay  in  the  fact  that  when  patients 
having  oxaluria  were  placed  on  a  milk  diet  oxalic  acid  was  no  longer 
found  in  the  urine.  It  was  with  the  purpose  of  testing  the  accuracy 
of  this  work  of  Dunlop's  that  the  series  of  observations  presented  in 
this  paper  was  made — that  is,  the  object  of  the  work  was  to  deter- 
mine whether  oxalic  acid  was  ever  formed  in  the  animal  body,  or 
whether  the  excretion  of  a  large  amount  of  calcium  oxalate  indicated 
merely  an  excessive  ingestion  of  oxalic  acid  in  the  food  or  an  increased 
absorption  of  the  same  from  the  alimentary  canal. 
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The  first  work  in  this  series  of  experiments  consisted  in  the  analyses 
of  foods,  in  order  to  establish  a  dietary  which  should  be  free  from 
oxalic  acid  and  yet  contain  a  greater  variety  of  food  than  Dunlop's 
exclusively  milk  diet.  The  diet  list  found  to  be  free  from  oxalates 
consisted  of  proteid  food  (milk,  meat,  and  eggs),  with  butter,  sugar, 
corn-meal,  rice,  and  the  Huntley  &  Palmer  breakfast  biscuits. 

The  method  used  in  the  quantitative  analyses  of  the  urine  for  oxalic 
acid  was  that  described  by  Dunlop.  This  differed  essentially  from  the 
older  methods  of  Neubauer  and  Schultzen,  in  that  the  calcium  oxalate 
was  precipitated  from  an  acid  solution  by  means  of  alcohol,  instead  of 
from  an  alkaline  solution  by  the  use  of  calcium  chloride  or  calcium 
hydrate. 

In  observations  to  determine  merely  the  presence  or  absence  of 
oxalic  acid,  without  estimating  its  amount,  the  urine  was  mixed  with 
95  per  cent,  alcohol  and  allowed  to  stand  until  the  calcium  oxalate,  if 
present,  was  precipitated.  The  sediment  was  then  separated  with  the 
centrifuge  and  examined  microscopically. 

The  first  experiments  made  were  upon  the  influence  of  varied  diets 
upon  the  excretion  of  oxalic  acid.  In  the  analyses  of  twenty-four 
normal  specimens  from  persons  receiving  a  mixed  diet,  the  daily 
amount  was  found  to  vary  from  mere  traces  to  34  mg.  in  a  case  where 
rhubarb  was  taken.  The  average  normal  amount  was  about  10  mg. 
daily,  this  being  about  half  the  average  Fiirbringer  found  in  the  speci- 
mens which  he  examined.  The  diet  in  certain  cases  was  varied,  being 
at  one  time  rich  in  carbohydrates,  at  another  time  rich  in  proteids, 
and,  again,  containing  a  large  amount  of  oxalic  acid.  The  total  daily 
excretion,  however,  varied  but  little,  excepting  that  rhubarb  caused  a 
definite  increase  in  the  amount.  It  was  found,  also,  that  in  cases 
where  a  diet  free  from  oxalates  was  given,  the  results  accorded  with 
those  of  Dunlop — that  is,  oxalic  acid,  if  present  at  all,  was  found  only 
in  traces.  The  urine  of  patients  suffering  from  various  diseases  was 
also  examined,  and  it  was  found,  in  the  most  of  these  cases,  that  when 
placed  on  a  diet  free  from  oxalic  acid  the  calcium  oxalate  disappeared 
from  the  urine.  A  striking  illustration  of  this  was  the  case  of  a 
patient  of  Dr.  Lambert's,  who  was  subject  to  attacks  of  renal  colic. 
When  on  a  mixed  diet,  including  rhubarb,  the  oxalic  acid  excreted  in 
twenty-four  hours  was  67.5  mg.  When  on  a  diet  free  from  oxalates 
for  four  days  it  fell  to  4  mg. 
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A  marked  contrast  to  the  usual  disappearance  of  oxalic  acid  on  a 
diet  free  from  oxalates  was  found  in  two  cases  of  nervous  depression, 
which  were  in  the  care  of  Dr.  Hallock,  of  Cromwell,  Conn.  One  of 
these  was  a  patient  in  a  melancholic  condition.  She  was  very  irrita- 
ble, had  headache,  digestive  disturbances  and  poor  sleep.  After  being 
for  a  week  on  a  diet  free  from  oxalates  she  still  excreted  25  mg.  of 
oxalic  acid  in  a  day,  this  being  about  twice  what  had  been  found  to 
be  a  normal  average.  Another  patient  had  some  digestive  trouble 
with  headache  and  was  full  of  nervous  fears.  In  this  case,  also,  after 
a  week  on  the  same  restricted  diet,  25.5  mg.  of  oxalic  acid  were  ex- 
creted in  twenty-four  hours.  These  two  cases,  in  contrast  to  all  others 
examined,  indicated  that  some  cause  other  than  the  food  ingested  was 
influencing  the  oxalic  acid  excretion. 

In  addition  to  these  clinical  observations  numerous  studies  were 
made  upon  dogs,  the  results  of  which  accorded  with  those  noted  in 
man.  When  the  animals  were  placed  upon  a  diet  of  meat  or  milk, 
oxalic  acid  was  not  excreted  in  the  urine.  It  was  found,  however,  that 
in  the  case  of  a  dog  given  a  very  large  amount  of  sugar,  over  a  long 
period  of  time,  that  the  result  was  different  from  that  noted  in  normal 
dogs.  The  animal  placed  under  observation  was  given  all  the  sugar 
that  it  would  take.  It  ate  the  sugar  greedily,  at  times  receiving  from 
200  to  300  gms.  in  a  day.  For  a  month  the  animal  showed  no  symp- 
toms. It  increased  in  weight  and  seemed  healthy.  After  about  six 
weeks  there  appeared  simultaneously  a  group  of  symptoms  consisting 
of  loss  of  appetite,  vomiting  of  a  frothy  mucus,  an  intermittent  diar- 
rhoea, an  absence  of  free  hydrochloric  acid  in  the  gastric  juice,  the 
presence  of  organic  acids  in  the  urine,  and  with  these  the  appearance 
of  an  abundant  precipitate  of  calcium  oxalate  crystals  in  the  urine. 
For  two  months  the  dog  had  been  on  a  diet  free  from  oxalates,  so 
there  seemed  no  question  that  the  oxalic  acid  was  formed  in  the  body. 
This  dog  was  kept  under  observation  for  three  months  with  an  almost 
constant  excretion  of  oxalic  acid  in  the  urine.  The  same  experiment 
with  sugar  was  repeated  on  two  other  dogs  with  the  same  result. 

Having  determined  that  oxalic  acid  was  formed  in  the  animal  or- 
ganism, the  question  naturally  followed  as  to  where  and  how  it  was 
produced.  Neubauer  suggested  that  it  might  be  formed  in  the  ali- 
mentary canal,  and  this  view  has  been  supported  by  Bouchard  and 
Ellis;  but  the  majority  of  writers  on  oxaluria  have  believed  that  oxalic 
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acid  was  formed  in  the  tissues  through  a  defective  oxidation,  probably 
due  to  a  direct  nervous  action  upon  the  cells. 

In  the  case  of  the  dogs  which  were  studied  it  was  found  that  when 
a  mixture  of  meat  and  sugar  was  fed  to  them,  and  the  stomach  con- 
tents withdrawn  an  hour  after  feeding,  oxalic  acid  had  already  been 
formed  in  the  stomach.  It  was  further  noted  that  when  a  small  por- 
tion of  the  stomach  contents  from  the  dogs  with  oxaluria  was  used  as 
a  ferment  and  added  to  a  solution  of  sugar  and  beef  extract,  oxalic 
acid  was  formed  in  the  mixture.  This  experiment  was  repeated,  using 
as  a  ferment  a  portion  of  the  stomach  contents  of  a  patient  with  oxa- 
luria.    In  this  case,  also,  oxalic  acid  was  formed  by  fermentation. 

As  a  result  of  this  series  of  experiments,  the  following  conclusions 
have  been  reached : 

1.  That  in  health  there  is  little  or  no  oxalic  acid  formed  in  the  body, 
but  that  which  appears  in  the  urine  has  been  ingested  with  the  food. 

2.  That  in  certain  morbid  conditions,  which  in  the  cases  noted 
above  were  associated  with  the  absence  of  free  hydrochloric  acid  in 
the  gastric  juice,  oxalic  acid  is  formed  in  the  stomach  and  is  probably 
due  to  an  organized  ferment. 


DISCUSSION. 


Dr.  Tyson  :  Naturally,  in  the  course  of  my  experience,  I  have  seen  a 
great  many  cases  in  which  oxalate  of  lime  has  been  a  factor  in  urinary 
analysis.  I  must  admit,  however,  they  have  been  chiefly  cases  wherein  the 
oxalate  of  lime  has  been  a  sediment  in  the.  urine,  and  there  have  been  no 
special  efforts  made  to  extract  it  when  it  was  not  thus  demonstrable.  The 
sum  of  my  experience  clinically  is  that  I  have  been  unable  to  find  any 
definite  condition  associated  with  the  presence  of  oxalate  of  lime.  In  the 
vast  majority  of  cases  it  gives  rise  to  no  symptoms.  I  have  had  a  few  patients 
in  whom  it  was  an  unfailing  sediment.  These,  too,  had  no  symptoms  in  any 
way  ascribable  to  it. 

I  have  also  made  many  efforts  to  influence  the  amount  of  oxalate  of  lime 
in  the  urine  of  such  cases.  The  only  treatment  I  have  found  to  be  invariably 
followed  by  a  total  disappearance  of  the  sediment  is  a  milk  diet.  I  have 
never  placed  patients  upon  a  pure  proteid  diet  with  a  view  to  determining  its 
effect,  but  I  would  have  expected  that  such  a  diet  would  not  be  attended  by  a 
disappearance  of  the  oxalate  of  lime,  as  Dr.  Herter's  experiments  seem  to 
show.  It  is  well  known,  of  course,  that  vegetable  food  is  more  likely  to 
increase  the  amount  of  oxalate. 


EXPERIMENTAL   RESEARCH   SHOWING  THAT  URIC 

ACID  SECRETION  IS  NOT  REGULARLY 

DIMINISHED  IN  THE  PERIOD 

PRECEDING  EPILEPTIC 

SEIZURES. 

By  JAMES  J.  PUTNAM,  M.D., 

AND 

FRANZ  PFAFF,  M.D., 

OF  BOSTON,  MASS. 


The  toxic  theory  of  disease-processes,  and  especially  of  the  periodi- 
cal and  occasional  neuroses  and  psychoses,  has  so  warmly  commended 
itself  to  the  minds  of  physicians  of  our  generation,  and  has  been 
utilized  with  such  eagerness  as  a  basis  of  therapeutics,  that  suflBcient 
pause  has  not  often  been  made  to  ascertain  whether  the  data  on  which 
the  clinical  statements  have  been  based  would  stand  the  searching 
test  of  really  accurate  and  critical  analysis. 

For  my  own  part,  I  believe  that  the  point  of  view  itself  has  often 
been  wrong,  and  that,  at  least  so  far  as  the  neuroses  and  psychoses 
are  concerned,  it  may  prove  that  the  toxic  theory  of  their  pathogen- 
esis should  take  a  subordinate  place,  and  that  a  more  fruitful  line 
of  research  would  be  one  that  looks  on  these  affections  as  caricatures 
of  normal  states,  their  peculiarities  being  expressible,  no  doubt,  in 
chemical  terms,  but  better,  it  may  turn  out,  in  those  of  physiological 
reaction  or  anatomical  structure. 

This  search  for  toxic  causes  has  naturally  been  especially  active 
with  regard  to  epilepsy,  and  has  been  held  by  many  observers  as  rep- 
resenting, indeed,  the  only  rational  outlook  for  an  explanation  of  its 
symptoms,  though  of  late  the  "inhibition"  theory,   as  expressed, 
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among  others,  by  Oddi,  the  Italian  physiologist,  has  been  advanced 
as  a  promising  alternative. 

One  of  the  most  recent  supporters  of  the  toxic  theory  of  epilepsy 
is  Krainsky,  a  Russian  physician  and  chemist,  who  has  made  several 
long  series  of  apparently  painstaking  experiments,  the  results  of  which 
are  recorded  in  the  Zeitschrift  fur  Psychiatrie^  1898,  and  elsewhere. 
This  paper  opens  with  the  very  positive  and  reiterated  statement,  on 
which,  indeed,  the  final  reasoning  and  conclusions  are  based,  that  the 
excretion  of  uric  acid  is  invariably  diminished  before  each  outbreak  of 
"idiopathic"  epilepsy,  the  diminution  sometimes  immediately  pre- 
ceding the  attack,  sometimes  being  separated  from  it  by  an  interval 
of  normal  excretion  for  a  day  or  two.  Immediately  after  the  seizures 
the  uric  acid  excretion  rises  again,  he  says,  to  above  the  normal,  so 
that  the  total  excretion  for  the  whole  period  equals  the  normal  quan- 
tity. He  does  not  agree  with  Haig  in  thinking  this  substance  to  be 
the  direct  cause  of  the  attack,  but  regards  the  variations  in  its  excre- 
tion as  corresponding  to  other  chemical  changes,  through  which  the 
real  poison  is  formed.  For  him  this  poison  is  carbaminic  acid,  but 
into  the  soundness  of  this  hypothesis  we  shall  not  here  attempt  to 
enter. 

Having  been  interested  for  some  time  past,  together  with  Dr.  PfafF, 
in  studying  the  uric  acid  question,  I  asked  him  to  test  the  validity  of 
Krainsky's  statement  as  to  the  invariable  diminution  of  the  excretion 
above  referred  to,  which,  if  proved  to  occur,  would  be  a  very  impor- 
tant fact,  as  showing  that  the  epileptic  attack  is  led  up  to  by  changes 
in  general  metabolism. 

The  research  does  not  cover  a  large  number  of  cases,  but  so  far  as 
it  goes  it  is  accurate.  Not  only  were  the  analyses  made  by  an  assist- 
ant especially  trained  for  the  work,  and  under  Dr.  PfaiF's  personal 
supervision,  but  control  analyses  were  made  in  every  instance,  and 
all  results  rejected  which  were  not  thus  confirmed,  except  in  two  in- 
stances. 

The  urines  were  sent  to  Dr.  Pfaif  daily  from  the  Massachusetts  State 
Hospital  for  Epileptics,  at  Monson,  through  the  kindness  of  the  Su- 
perintendents, Dr.  Owen  Copp  and  Dr.  Everett  P.  Flood,  to  whom 
we  express  our  sincere  thanks. 

The  method  of  analysis  followed  was  the  Ludwig-Salkowski — the 
one  now  regarded  as  the  best. 
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Patient. 

Date. 

Seizure. 

Amount 
of  urine. 

Uric  acid 

by  first 

analysis. 

Uric  acid 

by 

control 

analysis. 

Average. 

Amount 

of 
uric  acid 
in  24  hrs. 

*i   Case  one 

Oct.  22,  1899 

Before 

1370  c.c. 

0.0641 

0.0620 

0.063 

0.431 

4:       <<       <( 

•'     23,    " 

" 

2810    " 

0.0309 

0.0288 

0.029 

0.419 

*       ((       •( 

"     24,    " 

Seizure. 

520    " 

0.0618 

0.0560 

0.059 

0.153 

*       «'       " 

"     25,    " 

None 

1670    " 

0.0159 

0.0121 

0.014 

0.116 

*       .'       «« 

Nov.  26,     " 

Seizure 

2100    " 

0.0313 

0.0272 

0.0293 

0.307 

*       ..       " 

"     27,     " 

None 

1710    " 

0.0532 

0.0500 

0.0516 

0.441 

* 

"     28,     " 

" 

530    " 

0. 1408 

0.0270 

0.0339 

0.355 

*       ««       « 

Dec.    2,    " 

<i 

1260    " 

0.0992 

0.0904 

0.0948 

0.597 

*       «       " 

•'       3.    " 

" 

2260    " 

0.0432 

0.0428 

0.0430 

0.486 

:):             (1            (< 

"       4,    " 

" 

1390    " 

0.0382 

0.0372 

0.0377 

0.262 

4:             <<            << 

"       5,     " 

Seizure 

1100    " 

0.0770 

0.0740 

0.0755 

0.415 

*             "            " 

"       6,    " 

None 

1870    " 

0.0562 

0.0527 

0. 0544 

0.509 

«             ((            << 

«       7,     " 

" 

1290    " 

0.0900 

0.0820 

0. 0860 

0.554 

(4              (< 

"     18,     " 

Seizure 

1170    " 

0.015 

0.011 

0.013 

0.120 

<t              <( 

"      19,     " 

(• 

870    " 

0.014 

0.012 

0.013 

0.087 

((              t< 

"     20.    " 

None 

1500    " 

0.020+(( 

).2016  g.  pr 

;cip.  out) 

=  0.426 

*     Case  two 

Oct.  21,     " 

None 

1260    " 

0.0813 

0.0795 

0.0804 

0.506 

* 

"     22,     " 

Seizure 

900    " 

0. 1314 

0. 1314 

0.591 

»        u        .. 

"      23,     " 

None 

2120    " 

0.0514 

0.0540 

0.  a527 

0.558 

4s            «            « 

"     24,     " 

Seizure 

1640    " 

0. 0749 

0.0481 

0.0615 

0.504 

»            .« 

"      25,    •' 

None 

680    " 

0. 1690 

0.1804 

0.1747 

0.593 

4:             <<            << 

"      26,    " 

" 

1260    " 

0.0526 

0.0446 

0.04b6 

0.306 

ii            « 

Apr.  24,  1900 
Apr.  25,     " 

« 

1275    " 

0. 0550 

0.  n5'so 

0.522 

(<             n 

" 

1600    " 

0.026 

0.025 

0.0255 

0.30 

((           << 

"      26,     •• 

«< 

1110    " 

0.037 

0.033 

0.035 

0.28 

(<           t( 

«     27.     " 

" 

1060    " 

0.030 

0.029 

0.0295 

0.23 

i«           <« 

"     28,    " 

" 

1135    " 

0.017 

0.010 

0.013 

0.10 

«           >i 

"     29,    " 

Seizure 

1150    " 

0.022 

0.019 

0.025 

0.17 

«           <( 

"     30,    " 

None 

540    " 

0.0081 

0.0080 

0.008 

0.082 

In  all,  twenty-nine  specimens  of  twenty-four  hours'  urine  were 
analyzed,  coming  from  two  patients.  The  first  patient  had  five 
seizures   during   the    period   (three   months)    corresponding   to   the 


1  All  the  analyses  marked  in  the  table  by  an  asterisk  (*)  were  done  by  the  older  method  of 
analysis  as  given  in  Hoppe-Seyler's  Handbuch  der  chemischen  Analyse,  Berlin,  1893,  p.  358. 

All  the  analyses  not  so  marked  were  done  by  the  same  method,  with  a  slight  modification, 
as  given  in  Salkowski's  Praticum  der  Physiol,  u.  Path.  Chemie,  1893,  p.  239 
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analyses;  the  second  patient  had  two  seizures  during  one  month 
(October),  and  one  seizure  during  another  month  (April).  The  re- 
sults, as  may  be  seen  by  examination  of  the  accompanying  table, 
cannot  be  said  to  bear  out  Krainsky's  categoric  statements,  either  as 
regards  the  low  excretion  before  the  attacks  or  the  high  excretion 
after  them. 

In  two  instances  the  amount  was  very  low,  both  on  the  seizure  day 
and  the  day  following,  perhaps  corresponding  with  the  patient's  pre- 
sumably reduced  state,  or,  indirectly,  to  a  diminished  ingestion  of 
food.  If  there  is  any  general  conclusion  to  be  drawn  from  the  figures 
it  is  that  the  uric  acid  excretion  of  both  patients  was  lower  than  that 
usually  seen. 

A  reliable  determination  of  the  conditions  of  uric  acid  excretion 
taking  place  literally  just  before  epileptic  attacks  must  always  be 
attended  with  difficulty,  not  so  much  because  it  is  hard  to  anticipate 
the  seizure  as  because  the  amount  of  excretion  varies  considerably  for 
the  different  parts  of  the  day  and  with  the  varying  character  of 
the  food. 

It  seemed  to  us  that  the  best  way  to  begin,  at  all  events,  would  be 
to  examine  a  continuous  series  of  twenty-four-hour  specimens,  to 
ascertain  whether  uric  acid  excretion  was  different  on  seizure  days 
from  that  on  free  days.  We  did,  however,  in  one  or  more  instances, 
examine  antiparoxysmal  specimens,  but  without  finding  such  differ- 
ences as  encouraged  to  further  pursuit  of  this  method. 


MINOR  FORMS  OF  CARDIAC  DILATATION. 


By  BEVERLEY  ROBINSON,  M.D. 

OF    NEW    YORK. 


Cardiac  dilatation  in  a  pronounced  degree,  due  either  to  organic 
valvular  disease  or  to  obvious  myocarditis— acute  or  chronic — is  no 
doubt  recognized  and  properly  treated  by  the  average  good  and  care- 
ful clinician.  This  affection  in  its  minor  degree  is  frequently 
confounded  with  some  other  ailment,  or  when  recognized  not  given 
its  due  importance,  and  hence  ignored  so  far  as  active,  direct  treat- 
ment is  concerned.  Cardiac  dilatation  when  at  all  advanced  may 
usually  be  recognized,  as  we  know,  by  the  usual  methods  of  physical 
examination. 

Percussion  shows  increased  cardiac  dulness,  especially  in  a  lateral 
direction  ;  palpation  finds  the  heart  impulse  lessened  in  force,  more 
diffuse,  and  the  locality  of  the  apex-beat  often  somewhat  changed, 
and  not  always  readily  determined.  Inspection  corroborates  these 
findings  more  or  less  well.  The  use  of  the  stethoscope  in  addition 
reveals  feeble,  irregular  heart  sounds.  The  two  sounds  of  the  heart 
resemble  one  another  more  nearly — the  long  pause  is  shortened. 
We  may  or  may  not  h-ave  a  soft,  blowing  murmur  at  the  apex  of  the 
heart,  and  this  murmur,  usually  systolic,  may  also  be  diastolic. 
The  pulse  is  rapid,  irregular,  depressible,  as  a  rule.  It  may  be 
very  infrequent.  Dyspnoea,  palpitations,  and  occasional  prsecordial 
pain  as  symptoms  of  cardiac  dilatation  are  not  unusual.  Now  and 
then  we  have  in  most  pronounced  cases  blueness  of  lips  and  fingers, 
obstructed  general  venous  circulation,  aod  oedema  of  the  lower  limbs. 
The  foregoing  is  a  brief  picture  of  cardiac  dilatation  in  its  advanced 
stage. 

As  I  meet  it  in  minor  forms  in  my  daily  rounds  of  practice  it 
does  not  appear  precisely  after  this  manner,  and  I  have  been  often 


MINOR    FORMS    OF    CARDIAC    DILATATION.  57 

misled  as  to  its  presence  and  significance.  One  very  ordinary  type 
is  that  of  the  ansemic  girl  just  past  the  age  of  puberty.  She  suffers 
often  from  too  profuse  menstruation,  constipated  bowels,  and  gaseous 
eructations  from  the  stomach  ;  she  has  little  or  no  appetite,  and  is 
constantly  tired  and  nervous.  The  heart  fluttering  and  irregularity 
(subjective)  which  go  with  these  symptoms  we  recognize,  and  yet 
how  seldom  do  we  consider  the  heart  action  in  these  instances  as 
being  indicative  of  organic  change  which  must  be  treated  properly 
and  effectually  if  we  are  to  obtain  good,  curative  results.  Such  cases 
require  iron  and  oxygen,  rest  and  massage,  proper  diet  and  restricted 
hours  of  mental  effort.  They  also  require,  still  more — and  in  the 
beginning  of  treatment  it  is  absolutely  essential— -small,  repeated 
doses  of  digitalis  and  nux  vomica  until  their  hearts  respond  forcibly 
or  at  least  with  power  sufficient  to  enable  us  to  make  satisfactory 
use  of  the  other  means  to  restore  bodily  activity.  How  shall  we 
recognize  such  cases  ?  Oftentimes  with  much  difficulty,  unless  we 
appreciate  rather  obscure  clinical  facts.  There  is  no  diffuse  or  weak- 
ened cardiac  impulse.  On  the  contrary,  the  heart  apex  beats  in  the 
fifth  interspace  below  and  inside  the  nipple  line.  It  may  be  of  good 
force  and  not  at  all  irregular.  Abnormal  sounds  are  not  always 
present.  There  may  not  be  any  marked  accentuation  of  the  second 
sound.  As  a  rule,  however,  the  action  of  the  heart  is  more  fre- 
quent than  normal,  and  the  first  sound  is  exaggerated,  seemingly 
irritable.  Give  these  patients  for  a  week  or  two  digitalis  and  strych- 
nine in  moderate  doses,  and  follow  them  with  a  prolonged  course  of 
iron,  and  we  get  our  best  results.  Act  differently,  and  we  are  disap- 
pointed in  our  effort,  time  and  again,  to  relieve  symptoms  and  im- 
prove the  general  health. 

One  of  the  proofs,  as  I  believe,  which  show  the  correctness  of  my 
diagnosis  is  that  frequently  in  these  cases  the  urine  is  light  colored, 
of  low  specific  gravity,  containing  neither  albumin  nor  casts,  and  it 
may  or  may  not  be  in  sufficient  quantity.  Rest  in  bed  will  change 
this  urine  so  far  as  color,  density,  quantity,  and  the  elimination  of 
urinary  solids  are  concerned.  It  will  also  be  effected  and  more 
rapidly  sometimes  with  rest,  sometimes  without,  by  the  use  of  suit- 
able cardiac  tonics  in  very  moderate  doses. 

I  know  such  a  condition  is  often  attributed  to  impairment  of  the 
nervous  tone,  or  perhaps  to  hysteria.    So,  indeed,  it  is  at  times,  but 
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behind  this  frequently  is  the  loss  of  a  certain  amount  of  cardiac, 
muscular  power.  The  cavities  of  the  heart  are  doubtless  slightly 
enlarged,  and  particularly  that  of  the  left  ventricle,  and  the  walls 
thinned.  There  is  no  hypertrophy,  and  why  ?  Simply  because 
there  is  not  sufficient  vital  energy  to  produce  it.  The  power  of 
the  heart  can  only  be  increased  in  one  of  two  ways  :  by  general 
corroborant  treatment,  or,  at  first,  by  suitable  cardiac  stimulation, 
and  subsequently  followed  by  the  second.  The  latter  plan  is  the 
speedier  and  better  one,  as  I  believe. 

Formerly  in  some  of  these  cases  I  was  at  times  in  reasonable 
doubt  for  a  while  as  to  whether  I  had  to  do  with  beginning  renal 
changes  of  interstitial  nephritis.  The  age  of  the  patient,  the  anaemic 
state,  and  the  rapid  effects  of  judicious  treatment  settle  all  reasonable 
doubts  very  soon  at  the  present  time  in  the  great  majority  of  cases. 
In  these  instances  is  the  heart  muscle  structurally  affected  ?  Is  there 
granular  or  other  degeneration  of  cardiac  fibres  ?  I  do  not  believe 
so,  at  least  in  the  great  number  of  examples,  in  view  of  the  success 
of  treatment  after  several  weeks  or  months.  In  other  instances 
where  there  is  little  or  no  favorable  response  to  rational  medication, 
chanoje  of  air  and  nursino:,  and  where  the  examination  of  the  blood 
by  an  expert  shows  signs  that  indicate  a  formidable  ansemia  feigning 
the  pernicious  form,  I  am  convinced  that  we  have  to  do  with  paren- 
chymatous changes  of  the  myocardium  of  more  or  less  grave  import. 

Is  there  any  method  by  which  we  can  demonstrate  these  changes 
to  the  skeptical  during  life  ?  Certainly  not.  All  we  can  do  is  to 
reason  from  analogy  and  our  pathological  findings  in  more  serious 
states  which  go  on  to  a  fatal  termination.  Fortunately,  the  over- 
worked shop-girl,  or  the  tired-out  society  young  lady,  when  she  gets 
the  care  required,  ultimately,  and  as  a  rule,  gets  fairly  well.  I  have 
no  doubt  in  my  own  mind  that  in  many  instances  perfected  develop- 
ment or  full  growth  of  body  reached  from  the  twentieth  to  the  twenty- 
fifth  year  explains  the  happy  termination  of  some  cases.  In  other 
words,  these  cases  in  a  measure  may  be  self-limited.  To  the  uncon- 
vinced listener  who  would  call  such  cases  merely  functional,  I  would 
answer  :  if  they  are,  then  the  words  of  Sir  Andrew  Clark  apropos  of 
another  topic  seem  to  be  singularly  suggestive  and  true  : 

'^  We  are,''  writes  Clark,  ^'  so  much  concerned  with  anatomical 
changes  ;  we  have  given  so  much  time  to  their  evolutions,  differen- 


MINOR    FORMS    OF    CARDIAC    DILATATION.  59 

tiatioDS,  and  relations  ;  we  are  so  much  dominated  by  the  idea,  that 
in  dealing  with  them  we  are  dealing  with  disease  in  itself,  that  we 
have  overlooked  the  fundamental  truth  that  these  anatomical  changes 
are  but  secondary  and  sometimes  the  least  important  expressions  or 
manifestations  of  states  which  underly  them.  It  is  to  these  dynamic 
states  that  our  thoughts  aud  inquiries  should  be  turned  ;  they  pre- 
cede, underly,  and  originate  structural  changes  ;  they  determine  their 
character,  course,  and  issues;  in  them  is  the  secret  of  disease,  aud, 
if  our  control  of  it  is  ever  to  become  greater  and  better,  it  is  upon 
them  that  our  experiments  must  be  made.''  ^ 

Another  form  to  which  I  would  direct  attention  is  that  of  the 
somewhat  obese  woman — married  or  unmarried — between  forty  and 
fifty  years  of  age.  Not  infrequently  these  women  have  a  marked 
rheumatic  tendency.  Not  infrequently  their  urine  on  cooling 
deposits  an  excess  of  urates  or  uric  acid.  They  often  have  slight 
attacks  of  bronchitis,  ambulatory  neuralgic  pains,  localized  dry 
pleurisy.  When  in  their  usual  health  they  can  take  moderate  exer- 
cise without  great  distress.  So  soon  as  they  have  any  acute  ailment 
or  depletion  they  suffer  from  marked  difficulty  of  breathing,  a  gone 
feeling  at  the  epigastrium,  and  an  inward  sense  of  suffocation,  as 
they  express  it.  Usually  their  cardiac  action  is  feeble,  rapid,  and 
slightly  irregular  under  these  circumstances.  Physical  examination 
may  or  may  not  reveal  at  this  time  a  soft,  blowing  murmur — systolic 
as  a  rule,  often  heard  with  greatest  intensity  in  the  mitral  area,  but 
also  heard  at  times  in  the  left  intercostal  spaces  above  the  nipple  or 
at  the  lower  end  of  the  sternum.  The  blood  may  or  may  not  show 
a  moderate  degree  of  anaemia.  During  and  after  their  menstrual 
epochs  these  patients  are  often  at  their  worst,  and  whenever  the  flow 
is  abundant  their  condition  inspires  great  solicitude.  They  do  not 
always  have  fever  when  they  have  their  slight  bronchitic  or  pleuritic 
attacks.  At  other  times  the  temperature  rapidly  goes  to  102°  or 
even  higher,  and  areas  of  local  pulmonary  congestion  are  accurately 
made  out.  Such  cases  are  amenable  to  judicious  treatment,  and  in 
the  course  of  ten  days  or  two  weeks  very  great  temporary  improve- 
ment will  take  place.  I  usually  give  very  small,  repeated  doses  of  nux 
vomica  and  strophanthus  in  the  beginning  of  these  attacks.     I  insist 

British  Medical  Journal,  August  16, 1884,  p.  312. 
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upon  rest  in  bed  and  frequent  small  quantities  of  liquid  or  easily- 
digested  food.  Where  there  are  cough  and  local  signs  of  dry  pleu- 
ritis  a  small  fly-blister,  though  painful,  is  a  sovereign  remedy.  Of 
course,  the  menstrual  flow  when  excessive  should  be  controlled  with 
ergot  or  hot  douches. 

In  some  of  these  cases  where  there  is  also  well-marked  anaemia 
there  is  present  at  times  and  in  a  more  or  less  continuous  manner  a 
small  amount  of  albumin  in  the  urine.  The  clinical  examination 
of  the  urine  is  such  that  I  have  known  patients  of  this  sort  to  be 
told  that  they  were  suffering  from  nephritis,  and  it  was  essential  for 
them  to  live  during  a  long  period  upon  a  milk  diet,  and  to  reside 
in  an  equable,  dry,  and  relatively  mild  climate.  In  these  cases  the 
albumin  would  at  times  disappear,  but  fatigue,  indiscretions  of  food, 
temporary  excitement  would  apparently  bring  back  the  albuminuria. 
I  have  no  doubt  the  kidneys  were  affected  with  chronic  congestion. 
I  am  also  very  confident  that  the  hypersemia  was  passive  rather  than 
active,  and  was,  in  reality,  and  mainly  under  ihe  dependence  of  a 
weak  heart,  quite  insufficient  in  its  action  to  keep  up  a  proper  vas- 
cular tension  in  the  renal  arteries.  Here,  again,  judicious  cardiac 
treatment  was  essential  at  first.  With  the  digitalis  or  strophanthus, 
however,  I  usually  combine  a  small  quantity  of  nitroglycerin,  as  I 
deem  it  very  important  to  dilate  the  peripheral  circulation  and  thus 
lessen  the  necessary  work  of  the  heart  to  become  effective. 

There  is  another  type  of  woman,  and  she  is  usually  thin  and  ner- 
vous about  the  time  of  the  climacteric  or  past  it.  The  menstrual 
flow  if  it  still  exists  is  slight.  These  patients  may  not  be  anaemic  to 
any  appreciable  extent.  They  have  frequently  very  imperfect 
digestive  assimilation.  They  may  have  some  dilatation  of  the 
stomach,  and  are  frequently  nauseated  and  unable  to  take  even  the 
simplest  forms  of  food  for  a  time  without  causing  great  and  rapid 
gaseous  distention,  not  only  of  the  stomach  but  also  of  the  bowels. 
The  liver  is  inactive  and  the  bowels  are  torpid.  We  can  give  few 
medicines  by  the  mouth  except  stomachics  and  carminatives  without 
making  their  condition  worse.  Although  their  heart  is  extremely 
feeble,  so  much  so  at  times  in  fact  that  we  dread  almost  to  move  or 
raise  them  to  make  a  proper  exploration  of  the  chest,  yet  if  we  so 
much  as  try  to  use  any  medication  by  the  mouth  to  strengthen  heart 
action  we  shall  almost  surely  bring  on  worse  distress  and  perhaps 


MINOR    FORMS    OF    CARDIAC    DILATATION.  61 

excessive  nausea  and  repeated  vomiting.  I  have  been  obliged  to 
treat  such  a  patient  for  days  at  a  time  with  digitaline  and  strychnine 
hypodermatically,  while  inhalations  of  oxygen  were  frequently  ad- 
ministered. Rectal  alimentation  with  panopepton,  peptonized  milk, 
eggj  brandy,  and  a  little  opium  at  times,  took  the  place  almost 
entirely  of  feeding  by  the  mouth  for  several  days.  Where  the 
repeated  use  of  the  hypodermatic  syringe  set  up  local  irritation  I 
was  obliged  to  incorporate  my  cardiac  stimulants  with  very  small 
rectal  enemata  of  water.  Finally,  after  weeks  of  anxiety  and  con- 
stant nursing  and  unremitting  attention,  these  women  slowly  re- 
gained their  health  and  strength,  and  the  heart  became  sufficiently 
strong  to  satisfy  ordinary  demands  made  upon  it  when  the  patient 
went  about  in  a  very  limited  measure.  The  urine  never,  upon 
repeated  examinations,  showed  either  albumin  or  sugar,  but  did 
show  low  specific  gravity,  deficient  elimination  of  urea,  and  perhaps 
a  few  hyaline  or  granular  casts.  I  could  not  positively  affirm  any 
general  arteriofibrosis.  I  could  and  did  strongly  suspect  its  pres- 
ence. The  heart  gave  all  the  evidences  of  slight  dilatation  of  the 
ventricular  cavities,  but  at  no  time  was  there  any  manifest  hyper- 
trophy. In  some  patients  there  was  rarely  any  cardiac  murmur, 
and  all  I  could  detect,  as  a  rule,  was  great  feebleness  of  heart  action 
without  irregularity  or  intermissions.  I  have  no  doubt,  for  my 
part,  that  if  these  hearts  were  examined  post-mortem  they  would 
show  few  or  no  changes  other  than  those  which  follow.  They 
would  be  soft  and  flabby.  They  would  not  retain  their  rounded, 
globular  form,  but  would  flatten  on  the  table  through  partial  collapse 
of  the  walls.  There  would  be  no  valvular  changes.  The  orifices 
might  be  slightly  dilated.  There  would  be,  as  stated  already,  slight 
enlargement  of  the  cavities  and  thinning  of  the  muscular  walls. 
The  color  of  the  heart  muscle  would  approximate  that  of  the  faded 
leaf  ;  perhaps,  usually,  it  would  only  be  relatively  pale  and  bloodless. 
The  cavities  would  contain  small,  imperfectly  formed  post-mortem 
clots  or  liquid  blood.  Under  the  microscope  we  should  find  the 
striae  here  and  there  imperfectly  marked.  There  would  possibly  be 
some  well-marked  granular  degeneration  at  times,  and  only  very 
rarely  the  evidence  of  fatty  degeneration.  If  the  latter  existed  it 
would  more  likely  be  in  patches  in  the  capillary  muscles,  the  septum, 
or  the  ventricular  walls  than  generally  diffused. 
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Unfortunately,  these  are  at  best  clinical  impressions  rather  than 
well-ascertained  facts.  And  why  ?  Simply  because  post-mortem  ex- 
amiuations  of  these  cases  are  not  made.  The  patients  do  not  die,  in 
my  experience,  at  least  outside  of  hospitals.  In  hospitals,  when  they 
die,  they  have  more  advanced  and  graver  phenomena  of  a  similar 
condition,  and  then  it  is  we  can  surely  and  positively  affirm  what 
our  findings  are. 

In  many  instances  I  have  had  a  report  from  the  pathologist  which 
in  its  main  features  was  not  unlike  what  I  have  attempted  to  de- 
scribe. In  this  connection  I  would  refer  to  a  paper  of  Dr.  Danforth, 
of  extreme  interest  to  me,  read  at  the  last  meeting  of  this  Associa- 
tion, on  ^^  Clinical  Forms  of  the  Uric-acid  Diathesis.^'  It  seems 
to  me  that  some  of  Dr.  Danforth' s  cases  may  have  been  mainly 
instances  of  cardiac  dilatation  in  which  the  renal  manifestations  were 
merely  a  resultant  of  a  weak,  feeble  heart  action.  At  all  events,  I 
have  portrayed  the  other  side  of  a  clinical  picture  frequently  en- 
countered by  myself.  I  do  not  wish  to  convey  the  impression  that 
I  have  made  a  new  discovery — such  cases  as  mine  are  met  with  by 
all  of  you.  They  are  also  described  more  or  less  perfectly  in  almost 
every  text-book  of  cardiac  disorders  of  the  last  fifty  years.  Still,  I  am 
free  to  confess  that  I  do  not  know  precisely  where  you  will  find  the 
clinical  picture  I  have  endeavored  to  delineate  in  quite  the  same 
terms. 

I  may  be  asked  whether  I  do  not  find  these  cases  also  among  men. 
Perhaps  I  do,  but  I  do  not  recall  them  in  such  a  vivid  manner  as 
to  be  able  to  portray  them.  The  laboring  man,  even  though  he 
may  never  suffer  from  actual  valvular  disease,  will  undoubtedly 
have  at  times  marked  cardiac  dilatation.  But  usually  there  is  more 
or  less  hypertrophy  combined  with  it,  and,  even  though  the  heart  has 
become  very  incompetent  through  structural  weakness,  there  will  be 
such  considerable  enlargement  that  we  feel  confident  that  the  autopsy 
will  show  more  or  less  thickening  of  heart  walls.  The  same  is  true 
of  old  valvular  disease  accompanied  with  cardiac  enlargement.  It 
is  equally  true,  as  a  rule,  where  the  history  shows  that  there  has 
been  a  persistent  and  excessive  alcoholic  habit.  This  is  true  also, 
although  in  less  degree,  of  the  business  or  professional  man  affected 
with  heart  disease. 

Extreme  cases  of  heart  dilatation  and  no  hypertrophy  are  also  met 
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with  among  men  ;  but  the  minor  degrees,  those  to  which  I  have 
referred  and  tried  to  describe,  are  usually  found  among  women.  The 
intense  heart  failure,  coming  on  rapidly,  almost  suddenly  at  times 
among  men,  and  unquestionably  due  to  very  great  cardiac  dilatation, 
against  which  the  heart  is  almost  powerless  to  react,  is  sometimes 
seen  after  great  excesses.  These  cases,  as  we  all  know,  may  be 
rapidly  or  suddenly  fatal  despite  our  most  active  means  of  resusci- 
tation. Among  these  cases,  however,  are  unquestionably  some  in 
which  the  physical  signs  of  cardiac  dilatation  are  impossible  to 
determine  accurately.  I  can,  therefore,  well  understand  that  their 
existence  should  be  denied.  In  place  of  such  a  diagnosis  I  cannot 
but  substitute  one  of  loss  of  nerve-power,  either  in  the  intracardiac 
ganglia  or  in  the  trunks  of  the  vagi.  To  admit  this  would  be  per- 
haps also  to  acknowledge  that  the  heart  muscle  was  intact  and  the 
cavities  of  normal  dimensions.  Such  a  belief  would  be  strengthened 
by  those  instances  in  which  certain  cardiac  tonics,  and  especially 
digitalis,  are  of  little  apparent  value,  perhaps,  indeed,  directly  injuri- 
ous, and  rest  in  bed  and  suitable  liquid  diet  with  alcoholic  stimulants 
appear  to  be  most  useful. 

Again,  there  are  instances  in  which  there  is  certainly  no  pro- 
nounced structural  kidney  change,  where  we  watch  closely  the  se- 
quence of  clinical  phenomena.  There  is  renal  inadequacy  only.  The 
secretion  of  healthy  urine,  viz.,  of  normal  color,  density,  in  sufficient 
quantity  and  without  abnormal  constituents,  after  a  few  days  or 
weeks  of  rest,  and  when  the  patient  is  given  easily  assimilable  food, 
returns  and  our  temporary  fears  are  allayed.  In  some  cases  I  recog- 
nize a  possible  spasmodic  condition  of  the  peripheral  vessels  and  espe- 
cially of  the  kidneys.  We  have  intimation  of  this  by  high  pulse 
tension  at  times  and  the  rapid  good  effects  of  repeated  small  doses  of 
nitroglycerin.  Occasionally  I  have  seen  cases  in  which  the  heart 
action  was  very  feeble,  without  any  accentuation  of  the  aortic  second 
sound,  and  where  the  radial  pulse  itself  had  no  increased  tension,  and 
yet  nitroglycerin  was  of  undoubted  service,  for  after  its  use  the 
heart's  action  was  notably  improved,  and  the  secretion  of  urine, 
from  being  almost  colorless  and  even  small  in  quantity,  took  on  its 
normal  appearance  and  character.  No  doubt  the  nitroglycerin  acted 
as  a  direct  heart  tonic  to  the  cardiac  muscle  itself  ;  no  doubt,  also, 
it  dilated   the  small  vessels  of  the  kidney,  breaking  up  any  spas- 
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modic  condition  that  existed,  and  thus  was  of  very  great  benefit  to 
the  patient.  At  all  events,  I  have  certainly  seen  nervousness,  marked 
twitching  of  the  muscles,  apathy  and  somnolence — all  symptoms,  as 
I  believe,  indicating  more  or  less  so-called  ursemic  poisoning — dis- 
appear and  the  patient  progressively  improve  until  fairly  good  health 
and  strength  were  established.  Examples  of  this  kind  are  not  uncom- 
mon, I  believe,  as  a  resultant  of  what  has  appeared  to  be  a  grippal 
attack. 

Through  a  contribution  to  the  London  Lancet  in  October,  1899, 
by  A.  E.  Sansom,  I  am  of  the  opinion  that  he,  also,  has  seen  cases 
not  dissimilar.  Cohnheim  and  Leyden  have  intimated  that  occa- 
sionally the  underlying  cause  of  ursemic  symptoms  is  found  in  car- 
diac insufficiency.  Hence  the  blood  stagnates  in  the  renal  vessels. 
Clinical  observations  on  contracted  kidneys  support  this  view,  as 
does  the  use  of  cardiac  stimulants  for  the  relief  of  their  manifestations. 

From  the  point  of  view  of  prognosis  the  character  of  the  pulse  is 
often  very  important.  When  it  is  relatively  weak  and  perhaps 
irregular  the  outlook  becomes  serious.  Sir  William  Broadbent  has 
pointed  out  the  gravity  of  a  pulse  of  low  tension  when  accompanied 
with  symptoms  indicating  possible  cirrhosis  of  the  kidney.  I  have 
frequently  had  occasion  to  make  a  similar  observation.  No  doubt 
many  of  these  cases,  however,  merely  enter  into  the  category  of  what 
Sir  Andrew  Clark  has  described  as  ^^  renal  inadequacy"  accom- 
panied with  some  degree  of  cardiac  dilatation.  These  are  a  class  of 
cases  in  which,  although  the  kidney  presented  no  alteration  of  struc- 
ture, it  was  unable  to  produce  a  perfectly  healthy  urine.  In  these 
cases  the  urine  is  low  in  density  and  deficient  in  solid  constituents, 
principally  in  urea  and  its  congeners.^ 

I  might  lengthen  this  paper  considerably.  I  prefer  not  to  do  so, 
as  I  very  much  desire  a  discussion  from  the  membsrs  of  the  Asso- 
ciation as  to  its  value  and  truth. 

1  Albuminuria  and  Bright's  Disease,  by  M.  Tirard,  London,  1899,  p.  16. 


A  CASE  OF  ADDISON'S  DISEASE,  WITH  MARKED  EX- 
ACERBATIONS AND  REMISSIONS  IN  THE  EARLY 
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By  W.  W.  JOHNSTON,  M.D. 

OF  WASHINGTON,  D.  C. 


As  I  have  had  a  case  of  Addison's  disease  under  treatment  with 
suprarenal  extract  for  some  months  past,  it  may  be  of  interest  to  pre- 
sent the  patient  and  to  read  the  record  of  his  improvement.  I  have 
also  collected  all  the  cases  reported  as  having  been  so  treated. 

F.  B.  C,  a  farmer,  aged  eighteen  years,  living  in  Oakton,  Va.,  was  admit- 
ted to  the  Columbian  University  Hospital,  October  20, 1899. 

History.  His  father  and  mother,  five  brothers,  and  two  sisters  were  all 
living,  and  all  have  fair  complexions. 

But  for  an  attack  of  measles  at  seven  and  whooping-cough  at  eleven,  he 
has  enjoyed  excellent  health,  and  was  considered  strong  and  large  for  his 
age. 

In  June,  1897,  he  first  noticed  that  he  could  not  stand  as  much  hard  work 
as  usual  without  getting  tired.  This  condition  grew  progressively  worse,  so 
that  he  had  to  give  up  work  entirely  during  the  following  month,  on  account 
of  great  lassitude  and  loss  of  physical  and  mental  energy.  These  symptoms 
were  progressive  with  gradual  loss  of  weight,  and  were  accompanied  by  ano- 
rexia. In  the  month  of  August  (1897)  he  began  to  improve  slightly.  The 
nausea  and  vomiting,  which  caused  him  the  most  distress,  ceased,  his  appe- 
tite improved,  and  he  gained  in  strength  and  weight  to  such  an  extent  that 
he  considered  himself  perfectly  well,  and  resumed  his  former  work  about 
October  15th  of  the  same  year.  During  this  attack  his  skin  remained  per- 
fectly normal  in  color. 

In  July,  1898,  one  year  after  the  first  attack,  the  same  symptoms  recurred, 
but  with  increased  severity,  so  that  he  was  forced  to  go  to  bed.  In  addition 
to  the  symptoms  previously  mentioned  he  had  persistent  epistaxis  and 
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marked  pigmentation  of  the  skin  of  a  yellowish -brown  hue.  The  discolora- 
tion was  first  seen  on  the  hands  and  face,  and  gradually  spread  over  the 
whole  body,  being  more  pronounced  on  exposed  surfaces  and  in  the  folds  of 
the  skin.  The  following  fall  (1898)  the  discoloration  became  lighter,  and  he 
gained  in  strength  and  weight,  but  not  sufficiently  so  as  to  resume  his  former 
work. 

About  July  1,  1899,  he  grew  worse,  and  was  so  weak  that  one  month  later 
he  had  to  abandon  all  work.  The  pigmentation  of  the  skin  became  darker 
and  more  diffused  than  in  the  summer  of  1898,  with  the  same  constitutional 
symptoms  of  the  previous  attacks.  On  account  of  weakness  he  remained  in 
bed  five  weeks,  and  at  the  end  of  this  time  gradually  improved,  so  that  in 
three  weeks  more  he  began  to  go  about,  although  he  could  not  resume 
work. 

He  came  to  the  University  Hospital,  October  20,  1899.  On  admission  he 
weighed  121  pounds,  had  a  bright  and  intelligent  expression,  and  was  fairly 
well  nourished ;  the  eyes  were  somewhat  prominent  and  the  sclerotics  white ; 
the  skin  was  of  a  yellowish-brown  color,  except  on  the  palms  of  the  hands, 
soles  of  the  feet,  scalp,  and  under  the  nails,  where  it  was  of  normal  color. 
The  pigmentation  was  deeper  on  the  face,  neck,  back  of  the  hands,  the 
axillae,  groins,  genital  region,  and  the  areolae  of  the  nipples.  On  the  right 
side  of  the  neck  and  on  the  chest  were  slightly  elevated,  mole-like  spots,  very 
dark  brown  in  color,  single  and  in  groups,  from  the  size  of  a  pin-point  to 
that  of  a  large  pin-head.  These  spots  were  also  irregularly  distributed  over 
the  trunk.  In  addition  to  these  elevations  there  were  small  brown  macules, 
the  size  of  a  penny,  placed  here  and  there  over  the  trunk  and  limbs.  The 
thyroid  gland  was  slightly  enlarged. 

There  was  a  line  of  light  brown  pigmentation  at  the  junction  of  the  mu- 
cous membrane  of  the  lips  with  that  of  the  mouth,  more  marked  on  the 
upper  lip.  Very  small  brownish  spots  were  found  upon  the  mucous  mem- 
brane of  the  cheeks  corresponding  to  points  of  pressure  by  the  teeth.  These 
were  also  irregularly  scattered  over  the  hard  palate  and  uvula.  The  stomach 
and  intestinal  digestion  were  normal,  although  the  appetite  was  not  good. 
The  bowels  were  regular,  the  stools  normal  in  color  and  consistency.  The 
spleen  was  normal  in  size,  and  the  liver-dulness  had  a  vertical  depth  of  five 
inches. 

The  respiratory  and  genito-urinary  systems  and  the  urine  were  normal. 
The  heart  sounds  were  less  distinct  and  the  impulse  was  feeble.  The  blood 
was  normal  on  examination. 

Treatment  and  Progress.  The  patient  was  put  to  bed,  given  full  diet, 
strychnine  sulphate,  gr.  1-30,  after  each  meal,  and  a  hot  tub  bath  three  times 
a  week.  Six  days  after  admission  the  extract  of  suprarenal  capsule,  gr.  iij, 
in  tablet  form,  was  given  three  times  daily  after  meals.  This  dose  was 
increased  to  nine  grains,  which  has  been  continued  up  to  the  present  time. 
From  the  beginning  his  appetite  improved,  he  slept  well,  and  while  in  bed 
did  not  complain  of  weakness.  He  tottered,  however,  when  walking,  and 
became  a  little  dizzy  in  sitting  up.     As  he  gained  in  strength  he  sat  up  a 
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short  time  each  day  without  fatigue,  and  on  November  18th,  about  four 
weeks  after  entrance,  he  took  a  walk  in  the  open  air  for  half  an  hour.  From 
this  time  he  improved  so  rapidly  that  he  sat  up  the  greater  part  of  each  day 
and  took  a  walk  for  an  hour  in  the  afternoon. 

His  weight  on  admission  was  121  pounds ;  one  week  later  he  had  lost  three 
pounds  eight  ounces.  About  this  time  the  tablets  of  suprarenal  capsule  were 
given,  and  the  following  week  he  gained  three  pounds,  and  continued  to  gain 
until  November  28th,  when  he  lost  three  ounces  in  four  days.  On  December 
1st  he  lost  six  ounces  more,  The  next  four  days  he  was  kept  in  bed,  and  on 
December  5th  had  gained  two  pounds  fourteen  ounces.  His  total  gain  for 
the  seven  weeks  in  the  hospital  was  eleven  pounds  eleven  ounces.  During 
the  whole  course  of  his  illness  the  temperature  was  subnormal. 

He  left  the  hospital  December  8, 1899,  weighing  132  pounds  and  11  ounces, 
and  feeling  stronger  than  he  had  for  some  time  past.  The  pigmentation  of 
the  skin  had  become  a  little  lighter,  due,  probably,  to  the  frequent  bathing, 
and  every  symptom  of  physical  weakness  had  disappeared. 

On  December  27th,  nearly  three  weeks  later,  he  had  gained  three  pounds 
five  ounces,  and  was  steadily  improving.  The  following  week,  however,  he 
lost  one  pound.  The  next  two  weeks,  although  he  felt  perfectly  well  and 
seemed  to  be  gaining  strength,  his  weight  fell  three  pounds.  On  February 
2,  1900,  he  again  reached  his  highest  point,  136  pounds,  gaining  in  seven 
days  three  pounds.  From  this  time  up  to  April  28th,  the  day  he  re-entered 
the  hospital,  he  lost  eight  pounds  seven  ounces,  although  he  felt  well  and 
much  stronger  than  for  over  a  year  past. 

Condition  on  Re-admission,  April  28,  1900.  Weight,  127  pounds  9  ounces, 
a  gain  of  six  pounds  nine  ounces  since  October  20,  1899,  the  day  of  his  first 
admission,  and  a  loss  of  five  pounds  two  ounces  since  December  8,  1899,  the 
day  of  his  former  discharge.  During  his  second  stay  of  twelve  days  in  the 
hospital  he  gained  eleven  ounces. 

He  asserts  that  he  feels  perfectly  well  and  much  stronger  than  when  first 
admitted.  He  has  an  intelligent,  bright  expression,  is  better  nourished  and 
more  muscular  than  formerly,  the  eyes  are  not  as  prominent,  and  the  scle- 
rotics  are  still  white.  The  skin  is  much  darker  in  color  except  on  the  palms 
of  the  hands,  the  soles  of  the  feet,  scalp,  behind  the  ears,  and  under  the 
nails,  where  it  is  more  normal  in  color.  His  nose  is  somewhat  lighter  and 
of  a  pinkish-brown  hue.  As  before,  the  discoloration  is  deeper  on  the  face, 
neck,  back  of  hands,  the  axillae,  groins,  genital  regions,  and  the  areola3  of 
the  nipples.  There  are  fewer  slightly  elevated  pigment  spots  of  dark-brown 
color  on  the  neck  and  on  the  chest.  All  the  cicatricial  tissue  is  not  pig- 
mented. Here  and  there  over  the  trunk  can  still  be  found  a  few  brownish 
stains  about  the  size  of  a  penny.     The  thyroid  gland  is  much  larger. 

The  line  of  discoloration  at  the  junction  of  the  mucous  membrane  of  the 
lips  with  that  of  the  mouth  is  much  darker  in  color,  almost  black,  and  more 
marked,  as  before,  on  the  upper  lip.  There  are  large,  brownish  spots  on  the 
mucous  membrane  of  the  cheeks  and  hard  palate.  The  stomach  and  intes- 
tinal digestion  are  normal,  appetite  excellent,  and  bowels  regular. 
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Table  of  Cases  of  Addison's  Disease  Treated  with  Suprarenal 

Extract. 


1                                        1  Length 

Effect 

Effect 

Reporter. 

Reference.         Dose,  form,  or  method. 

of  treat- 
ment. 

on 
weight. 

on 
strength. 

Result. 

Blackader, 

Montreal  Medical 

Suprarenal  gland. 

4wks. 

Not 

Not 

Slight  im- 

Journ.,  vol.  xxii. 

noted. 

noted. 

provem't. 

Maragliano, 

Riforma  Med.,  1894, 

Hypodermatic  inject'n 

20  dys. 

In- 

Able  to 

Recov- 

vol. iv. 

of  suprarenal  extract. 

creas'd. 

walk  in 
20  days. 
Marked 

ered. 

Shoemaker, 

Univ.  Med.    Mag., 

Hypodermatic  inject'n 

2mos. 

Not 

Improv'd 

J.  G. 

Philadelphia,1894, 
vol.  ii. 

extract  of  beef. 

noted. 

improve- 
ment. 

Oliver,  T. 

Internat.  Clinics, 

Hypodermatic  inject'n 

Not 

Slight 

Not 

Not 

Philadelphia,1894, 

of  suprarenal  extract, 

noted. 

gain. 

noted. 

noted. 

vol.  ii. 

20Tri  daily. 

Osier,  Wm. 

Inter.    Med.  Mag., 

Fresh    suprarenal    ex- 

May 16 

Gained 

Well- 

Recov- 

Feb., 1896. 

tract  of  pigs,  Sss.  three 
times  daily. 

to  Sept. 
10. 

19  lbs. 

marked 
gain. 

Not 

ered. 

Becler6, 

These  de  Paris,  1896 

Fresh  extract  given  by 

4mos. 

Not 

Con  tin 'd 

mouth  1  month ;  sub- 

and 2 

noted. 

noted. 

well  for 

cutaneous  injection  of 

vreeks. 

1}4  years. 

extract  33^  months. 

Quine, 

Journ.  Amer.  Med. 

Suprarenal  bodies  by 

Not 

Not  im- 

Noim- 

Death. 

Assoc,     May     23, 
1896 
Journ.   M6d.   des 

mouth. 

noted. 

proved. 

provem't. 

Becler6, 

Suprarenal  extract  by 

Not 

Not 

Not 

Improv  'd 

Hop.,  Feb.  25,1898. 

mouth     followed    by 
subcutaneous  inject'n 
of  extract  of  gland. 

noted. 

noted. 

noted. 

Margin, 

Bull.  Medicine, 

Subcutaneous    inject'n 

Not 

Gained. 

Gained. 

Recov- 

1898. 

of  suprarenal  extract. 

noted. 

ered. 

Suckling, 

Brit.  Med.   Journ., 
May  28, 1898. 

Tablets   of  suprarenal 
extract  gr.  x  daily,  in- 
creased to  200  gr.  daily. 

1  year. 

Gained. 

Gained. 

Recov- 
ered. 

Foster,  A. 

London  Lancet. 

Suprarenal  extract 5  gr. 

Not 

Gain  at 

Gained 

Death 

1899,  vol.  i. 

by  mouth. 

noted. 

first  fol- 
lowed 
by  loss. 

at  first 

followed 

by  rapid 

loss. 

due  to 
gastro- 
intestinal 
irritation. 

Destat, 

Lvon  MM.,  No.  48, 

Injection  of  suprarenal 

Not 

Marked 

" 

Death. 

1898. 

extract. 

noted. 

gain 
at  first. 

Hemet, 

Thfese  de  Paris,  1897!  By  mouth. 

Not 

Not 

Not 

Favor- 

-1898. 

noted. 

noted. 

noted. 

able. 

Jones,  E.  L,, 

Brit.  Med.  Journ., 
1895,  vol.  ii. 

Suprarenal  extr.  tablets 
by  mouth. 

1  mo. 

Gained. 

Gained. 

Recov- 
ery. 

Murrell, 

London  Lancet, 

Suprarenal  extract  in 
tablets. 

6  wks. 

None. 

None. 

Death. 

Feb.  1,  1896. 

Dyson, 

Quart.  Med.  Journ., 
vol.  iii.  Part  1. 

Tincture  of  suprarenal 
gland. 

Few 
days. 

None. 

None. 

Death. 

Stewart,  T,  G. 

20th  Cent.  Practice. 

Adrenals  raw.  fed. 

Not 

Not 

Not 

Not 

1 

noted. 

noted. 

noted. 

known. 

Francis, 

Brit.  Med.  Journ., 

5  gr.  tablets  of   dried 

10  mos. 

Well- 

Well 

Died 

May,  1896. 

gland  3  times   daily. 

marked 
gain  in 
weight. 

marked, 

able  to 

be  about. 

from  re- 
la  ]>se. 

Stockman  (1), 

Edin.  Med.  Journ., 

Six     raw     suprarenal 

20  mos. 

Gained 

Improv'd 

Well  for 

Feb.,  1897. 

glands     from     sheep 
daily. 

slightly 
after 
2mo8. 
treat- 
ment. 

20  mos. 

(2), 

Edin.  Med.  Journ., 

<<          it       ii        Ii 

Not 

Not 

Not 

Death. 

Feb.,  1897. 

noted. 

noted. 

noted. 

Bramwell, 

Brit.  Med.  Journ., [Tablets  of  suprarenal 

Not 

Not 

Improv'd 

Improv'd 

1897,  vol.  i.                glands. 

noted. 

noted. 

Robin,  F. 

These  de  Paris,  1897  Injection  of  suprarenal 

Not 

Gained. 

Improv'd 

G'd  h'lth 

-1898.                       i  extract. 

noted. 

for  3  yrs. 

Miliam, 

Gould  Year-book,  i  Hypodermatic  inject'n 

Not 

Not 

Not 

Greatly 

1898. 

of  suprarenal  extract. 

noted. 

noted. 

noted. 

improved 

Turney  (1), 

Brit.  Med.  Journ., 

Suprarenal  extract, 
tablets,  gr.  iii,  t.  i.  d. 

Not 

Not 

Not 

Death. 

Jan.,  1896. 

noted. 

noted. 

noted. 

(2), 

Brit.  Med.  Journ., 

Suprarenal  extract, 
talolets,  gr.  iii,  t.  i.  d. 

Not 

Loss  of 

Loss. 

Death. 

Jan.,  1896. 

noted. 

weight 
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Length 

Effect  1    Effect    j 

Reporter. 

1        Reference. 

1 

JDose,  form,  or  method. 

1 

of  treat- 
ment. 

on     ;       on 
weight.!  strength 

Result. 

Oliver.G.  (1),  tBrit.   Med.   Journ., 

Tablets  gr.  iii-v  supra- 

12 mos. 

Gain  in   Gain  in 

Perfect 

i  1895.  vol.  li. 

renal  extract. 

weight,  strength 

recovery. 

(2),    Brit.   Med.  Journ., 

Dried  extract  gland  in 

Not 

Not          Not 

Recov- 

1895, vol.  ii. 

3  and  5  gr.  doses  t.  i.  d. 

noted. 

noted,     noted. 

ery. 

Sansora, 

Brit.  Med.  Journ., 

Tablets  suprarenal  ex- 

30 days. 

Gained  !      Not 

Un-' 

1895,  vol.  ii. 

tract. 

at  first  i   noted. 

then 

lost 
weight 
rapidly 
Gained  Jmprov'd 

known. 

Althaus, 

Brit.   Med.  Journ., 

Suprarenal  extract. 

Not 

Died. 

1895,  vol.  ii. 

noted. 

at  first     at  first, 
then      became 
lost      weaker, 
weight  [ 

Maragliano, 

Gazette  des  H6p., 

Glycerine   extr.   hypo- 

Not 

rapidly; 
Not    1      Not 

Not 

1895,  No.  7. 

derraatically. 

noted. 

noted. 

noted. 

noted. 

Stockton. 

Med    News,    Nov. 

Two  uncooked  glands 

Not 

Gained. 

Gained. 

Recov- 

16, 1895. 

daily. 

noted. 

ery. 

Schwab.L.W. 

Journ.  Amer.  Med., 

Dried  suprarenal  extr. 

2  wks. 

None. 

Noim- 

Unfavor- 

(1)2 brothers!  March,  1898. 

of  sheep. 

provem't. 

able. 

aged  55  &  57  ! 

(2),                  Journ.  Amer.  Med., 

Dried  suprarenal  extr. 

2  wks. 

None. 

No  im- 

Unfavor- 

! March.  1898. 

of  sheep 

provem't. 

able. 

Ringer  and    iBrit.  Med.  Journ., 

Suprarenal  extract  by 

6  wks. 

(Gained 

No  im- 

Died  end 

Phear  (1), 

Jan.,  1896. 

mouth,  45  gr.  daily,  in- 

4 weeks  provem't. 

of  six 

creased  to  120. 

then 

weeks. 

lost 

rapidly 

(2)1 

5  cases 

(3) 

improved 

(4) 

2  not  im- 

<.       (5) 

Brit.  Med.  Journ., 

Suprarenal  extract  by 

Not 

Not 

Not 

proved, 

(6)  ■ 

.Tan.,  1896. 

mouth,   in    various 

noted. 

noted. 

noted.  ■ 

1  treat- 

(7) 

doses. 

ment 

(8) 

stopped, 

Tonoli, 

Gaz.  Med.,  vol.  xlv. 

Powdered  adrenal  tis- 

2 mos. 

Gained. 

Improved 

1  died. 
Recov- 

p.  321. 

sue  by  mouth. 

!     ery. 

Aflaech,           i London  Lancet. 

Tablets   of  suprarenal 

Not 

14  lbs. 

Gained. 

Much  im- 

1898, vol.  ii. 

glands. 

noted. 

proved  ; 
died  with 
tubercu- 
losis. 

Pickardt, 

Med.  Review,  Lon- 

Tablets  of  suprarenal 

Not 

Lost 

Lost. 

Not 

don,  1899.  vol.  ii. 

glands. 

noted. 

stated. 

Berry, 

London    Lancet, 

Tablets   of  suprarenal 

9  days. 

None. 

Not      i  Sudden 

1898,  vol.  i. 

gland  gr.  V,  t.  i.  d . ,  fol- 
lowed by  glycerite  of 
fresh  gland  of  calf. 

stated. 

death, 
tubercu- 
losis. 

Bendu, 

Med.  News.  New 

Suprarenal  extr.  from 

1  week 

Slight 

Not 

Death, 

York,  April,  1899. 

calf,  20  gr.  daily. 

stated. 

tubercu- 
losis. 
Recov- 

Bate, 

Amer.   Pract.   and 

Vi2  gr.  sup.  extract  of 
sheep,  1. 1.  d. 

2  years. 

Gained. 

Gained. 

News,  Aug.,  1899, 

ery,  able 

• 

vol.  xxviii. 

to  work. 

Leibert, 

Amer.  Journ.  Med. 
Sci.,  July,  1899. 

Sup.  extract  tablets  gr. 
V,  1. 1.  d.,  increased  to 
gr  X,  t.  i.  d. 

1  year. 

20  lbs. 

Gained. 

Improv'd 

Leibert, 

Amer.  Journ.  Med. 
Sci.,  July,  1899. 

5  gr.  of  extr.  adminis- 
tered by  rectum  t.  i.  d., 
then  by  mouth  same 
dose. 

4  wks. 

Slight. 

Slight. 

Improv'd 

Total  number  of  cases 50 

Recovered        .       .       . 10 

Improved 16 

Not  improved 3 

Died 13 

Result  not  given 8 
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The  heart  sounds  are  strong  and  slightly  accentuated,  but  of  normal 
rhythm.     The  blood  examination  shows  no  change  from  health. 

He  is  still  taking  the  tablets  of  the  extract  of  suprarenal  capsule,  gr.  ix, 
three  times  daily  after  meals ;  is  allowed  to  sit  up  as  long  as  desired  daily, 
and  gets  a  hot  tub  bath  three  times  a  week. 

The  features  of  this  case  which  are  of  interest  are  the  very  acute 
prostration  during  the  earliest  period,  three  years  ago,  the  gain  in 
strength  during  the  winter  following,  with  a  return  of  more  marked 
asthenia  during  the  second  summer,  the  marked  improvement  under 
rest,  with  the  gain  in  strength  and  flesh  for  five  months  while  taking 
suprarenal  extract. 


WOULD  IT  NOT  BE  A  GAIN  TO  BOTH  PATHOLOGY 
AND  PRACTICE  IF  A  DIRECT  INTERACTION  BE- 
TWEEN THE  MORBIFIC  AGENT  (NOXA)  AND 
THE  REPARATIVE  EFFORT  WERE  RE- 
COGNIZED AND  THE  CONCEPTION 
OF    AN     INTERMEDIATE,    SO- 
CALLED  INFLAMMATORY 
PROCESS  ABANDONED  ? 


By  ANDREW  H.  SMITH,  A.M.,  M.D. 

OF  NEW  YORK. 


Since  the  dawn  of  medical  science  inflammation  has  been  the 
corner-stone  of  pathology.  Of  late  years,  however,  its  influence  has 
waned.  It  has  been  shorn  of  its  attributes  one  after  another,  until 
the  question  now  fairly  arises  whether  a  valid  title  to  recognition 
any  longer  exists  in  its  behalf. 

Originally  inflammation  was  held  to  be  present  wherever  the  four 
cardinal  symptoms  were  observed — redness,  swelling,  heat,  and  pain. 
It  is  not  likely  that  the  term  was  first  suggested  by  cases  involving 
obvious  traumatism,  but  rather  by  cases  of  apparently  spontaneous 
origin. 

If,  for  example,  a  sliver  of  wood  is  thrust  into  the  finger  and  left 
there,  we  have  as  a  result  redness,  swelling,  heat,  and  pain.  These, 
however,  would  be  readily  referred  to  the  presence  of  the  foreign 
body,  and  if  they  were  never  present  collectively,  except  under  this 
or  similar  conditions,  no  one  would  ever  have  thought  of  inventing 
a  special  term  to  express  their  concurrence.  The  idea  would  have 
been  simply  that  of  an  injurious  influence  acting  directly  upon  the 
tissues.  But  inasmuch  as  the  same  collocation  of  symptoms  is 
observed  at  times,  in  the  absence  of  obvious  traumatism  and  with 
no  apparent  cause,  it  was  natural  to  assume  that  the  tissues  were 
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subject  to  invasion  by  a  morbid  state,  condition,  or  process  acting 
independently  and  constituting  a  new  force  or  agency  to  be  reckoned 
with  by  itself.  As  the  practice  of  post-mortem  examinations  came 
more  into  vogue  this  idea  received  support  from  finding  that  internal 
organs  that  had  been  the  seat  of  pain  during  life  were  often  found 
swollen  and  red  after  death.  The  symptom  of  heat  was,  of  course, 
not  determined;  but  its  presence  during  life  might  well  be  assumed, 
especially  if  fever  had  been  observed.  Thus  the  conception  of  in- 
flammation as  a  condition  expressed  by  these  four  cardinal  symptoms 
became  firmly  rooted  in  the  medical  mind.  Later,  the  term  was  ex- 
tended to  cases  in  which  the  products  of  the  so-called  inflammatory 
process  were  found  upon  the  surfaces  of  internal  membranes  or 
enclosed  in  cavities.  To  so  extend  the  idea,  however,  it  was  neces- 
sary to  drop  some  of  the  characteristics  of  inflammation,  as  up  to  that 
time  they  had  been  accepted.  Thus  pain  was  often  absent  and 
swelling  could  not  be  demonstrated  in  every  case;  but  the  surface 
was  red,  and  pus  or  lymph  adhered  to  it,  and  this  was  taken  to 
establish  the  identity  of  the  action  with  that  which  gave  rise  to  the 
characteristic  symptoms  already  enumerated. 

Gradually  it  came  about  that  nearly  every  change  from  normal 
structure  was  ascribed  to  the  action  of  this  agent ;  but,  one  after 
another,  all  the  original  marks  of  inflammation  had  to  be  given  up 
as  essential  to  its  conception  except  so  much  of  swelling  as  is  due  to 
exudation.  This  is  now  all  that  is  insisted  upon  to  identify  a  pro- 
cess as  inflammatory — all  that  there  is  in  common  in  conditions  that 
are  as  different  from  each  other  as  it  is  possible  to  imagine. 

But  in  doing  away  with  all  but  this  one  test  by  which  inflamma- 
tion is  to  be  recognized  the  difliculty  of  defining  the  term  is  im- 
mensely increased.  This  difficulty  is  inevitable  so  long  as  we  insist 
upon  the  idea  that  a  new  action  is  '^  set  up  "  by  some  exciting  cause, 
and  that  once  initiated  this  new  action  goes  on  independently  and 
works  out  results  of  its  own  motion.  The  trouble  lies  in  ascribing 
to  an  immaterial  conception  the  power  of  acting  upon  matter  and 
effecting  physical  changes  in  it.  We  are  warned  ihat  inflammation 
is  not  a  state  or  condition,  but  a  process.  Now,  a  process  is  simply 
a  going  forward,  and  cannot  be  conceived  of  apart  from  the  thing 
that  goes  forward;  neither  can  it  be  credited  with  possessing  any 
form  of  energy.    The  morbific  agent  (noxa),  whether  it  be  an  injury 
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or  an  infecting  microbe,  exerts  a  direct  destructive  power  derived 
from  material  sources.  The  tissues  have  a  defensive  and  repara- 
tive power  derived  from  the  living  substance  of  which  they  are  com- 
posed. ^^  Inflammation"  as  a  *'  process'^  has  no  material  source  of 
energy. 

It  is  an  error,  therefore,  to  attach  to  it  any  idea  of  activity.  The 
noxa  may  be  active,  the  tissues  may  be  active,  but  the  ^'  inflamma- 
tion "  never.  It  is  simply  a  name,  not  a  force.  It  can  do  nothing. 
The  collision  of  two  armies  is  called  a  battle,  but  the  battle  is  not 
an  entity  apart  from  the  armies.  Much  less  can  it  join  forces  with 
one  of  them  and  help  on  the  fight  against  the  other.  Yet  this  is 
what  inflammation  is  supposed  to  do  when  it  is  credited  at  one  time 
with  opposing  the  noxa  and  helping  forward  the  reparative  effort, 
and  at  another  time  with  '*  attacking  "  and  ^'  destroying  "  the  tissues. 

Following  on  in  this  line  we  cannot  fail  to  see  that  the  energy 
that  initiates  the  ''  inflammation"  is  the  energy  that  maintains  the 
^'  inflammation  ;"  that  the  latter  has  no  momentum  of  its  own  ;  that 
it  can  go  no  further  than  the  noxa  carries  it.  This  does  not  mean 
that  it  is  only  another  name  for  the  noxa.  On  the  contrary,  it  is 
the  trend  of  the  newest  pathology  to  identify  ^^  inflammation  "  with 
repair. 

The  same  power  which^  working  in  the  embryo,  evolves  a  living 
being,  continues  its  operation  thereafter  as  a  reparative  force.  In 
health  its  function  is  only  to  supply  the  natural  waste,  and  until 
maturity  to  provide  for  growth ;  but  disease  or  injury  demands  a 
further  activity.  The  same  prescient  adaptation  of  means  to  a  pre- 
determined end  that  makes  of  one  embryonic  material  a  brain  here  and 
an  eye  there,  with  heart  and  liver,  arms  and  legs,  each  in  its  proper 
place,  lays  out  a  plan  of  repair  based  upon  the  nature  and  extent  of 
the  damage  to  be  repaired.  If,  for  example,  a  foreign  body  is 
lodged  in  the  tissues,  the  reparative  effort  will  differ  in  accordance 
with  the  nature  of  that  body  and  the  degree  of  irritation  which  its 
presence  occasions.  If  it  is  smooth,  compact,  and  not  liable  to  cor- 
rosion, the  reparative  action  will  be  limited  to  enclosing  it  in  a  cap- 
sule, where  it  will  remain  harmless.  If,  on  the  other  hand,  it  is 
jagged  and  porous,  or  if  it  is  of  a  material  easily  corroded,  an  effort 
will  be  made  to  expel  it.  This  effort  will  include  an  effusion  of 
leucocytes,  which  will  detach  the  foreign  body  from  the  tissues  with 
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which  it  is  entangled  and  surround  it  with  fluid,  which  fluid  will 
ultimately  work  its  way  to  the  surface,  and  through  the  opening 
thus  made  the  intruding  substance  will  be  thrown  out.  Now  all 
this  is  nothing  more  than  a  reparative  effort  on  the  part  of  the 
tissues — a  modified  expression  of  the  vital  energy  by  which  they 
were  originally  constructed.  It  is  in  no  proper  sense  a  new  force 
projected  into  the  field  to  work  at  haphazard,  a  disturbing  influ- 
ence, an  enemy  to  be  dreaded,  a  foe  to  be  ^^  combated,"  a  disease  to 
be  ^^  treated."  Yet  as  such  and  under  the  name  of  ^^  inflamma- 
tion "  it  is  too  commonly  considered. 

But  the  case  is  somewhat  difilerent  when  in  place  of  a  lesion 
accomplished  at  a  single  stroke  we  have  a  continuous  morbific  action 
working  upon  the  tissues.  The  process  then  is  twofold,  consisting 
of  a  destructive  action  on  the  one  hand  and  the  reparative  effort  on 
the  other.  Such  a  condition  obtains  when,  for  example,  the  part  is 
infected  with  pathogenic  bacteria.  Here  a  continuous  assault  upon 
the  tissues  is  maintained,  to  which  the  reparative  process  opposes 
such  resistance  as  it  can,  while  endeavoring  at  the  same  time  to 
limit  the  field  of  action  by  erecting  barriers  to  fence  it  ofP.  It  is  a 
fair  grapple  between  two  contending  forces,  and  there  is  no  room 
for  a  third.  It  does  not  excite  an  inflammation  and  then  leave  the 
inflammation  to  make  the  attack.  Yet  this  is  precisely  what  it  is 
credited  with  doing,  as  is  witnessed  by  the  constant  use  of  such 
terms  as  ^^  infective  peritonitis,"  ^'  pneumococcic  pericarditis," 
'*  malignant  endocarditis,"  etc.  It  seems  to  be  assumed  that  the 
microbe,  transmuting  itself  from  a  material  entity  into  an  imma- 
terial process,  acquires  thereby  an  extraordinary  potency.  It  has 
been  suggested,  for  instance,  that  ^'  the  infecting  microbes  have  not 
that  quantitative  relationship  to  the  effect  which,  in  the  physical 
sense,  true  causes  must  always  bear,"  but  that  they  only  serve  to 
set  in  motion  a  new  mode  of  action  which  is  the  real  cause  of  the 
morbid  phenomena.  They  are  the  spark  that  lights  the  gunpow- 
der, while  it  is  the  potential  energy  hidden  in  the  powder  that 
when  made  active  causes  the  explosion. 

But  the  comparison,  to  be  just,  should  require  a  continued  spark 
setting  off  a  continued  supply  of  gunpowder,  even  as  a  continued 
succession  of  microbes  is  required  to  keep  up  a  continued  ^'  inflamma- 
tion.'^    Withdraw  the  microbes,  and  we  all  know  how  immediately 
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the  process  ceases.  The  tubercle  bacillus  is  not  tubercle,  it  is  true  ; 
but  its  continued,  not  alone  its  initial,  presence  is  necessary  for  the 
persistence  of  tuberculosis.  Also,  gunpowder  explodes  in  precisely 
the  same  way,  no  matter  whether  ignited  by  a  match,  a  friction 
primer,  or  an  electric  spark,  and  the  igniting  agent  disappears  from 
the  scene.  Not  so,  however^  in  an  ^' inflammation."  The  explo- 
sion constantly  and  persistently  betrays  the  character  of  the  spark, 
and  if  we  want  to  designate  more  accurately  what  kind  of  an  explo- 
sion we  are  dealing  with  w^e  employ  an  adjective  that  designates 
the  character  of  the  spark.  We  speak  of  ^^  streptococcus"  inflam- 
mation, ^^  pneumococcus "  inflammation,  etc.,  and  we  recognize  that 
the  adjective  is  the  more  important  part  of  the  phrase.  The  inflam- 
mation is  so  thin  a  veil  that  the  cause  shows  through  at  every  point. 

As  for  the  power  of  the  uoxa,  in  and  for  itself,  to  deliver  an 
effective  attack  upon  the  tissues  and  to  call  forth  their  protective 
and  reparative  energies,  there  can  be  no  question,  of  course,  as 
regards  all  the  various  forms  of  trauma  in  the  old  sense  of  the  term. 
Obviously,  in  mechanical,  chemical,  and  thermic  injuries  the  result 
upon  the  tissues  will  be  exactly  proportioned  to  the  degree  of  the 
noxious  energy.  The  same  is  true  in  those  cases  in  which  the  noxa 
is  such  by  virtue  of  a  peculiar  vital  relation  to  the  tissues.  Thus, 
certain  substances  which  would  produce  no  change  whatever  in 
tissues  deprived  of  their  vitality,  cause  exceedingly  active  changes 
in  living  tissue,  and  this,  too,  in  the  absence  of  any  microbic  action. 
Among  these  are  cantharides,  mustard,  turpentine,  etc.  But  it  is 
also  evident  that  certain  microbes  which  we  call  pathogenic  have  a 
destructive  power,  either  in  themselves  or  in  the  toxins  they  pro- 
duce, which  may  be  sufficient  to  devitalize  the  tissues  upon  which 
they  act.  The  coagulation  necrosis  effected  by  the  Klebs-Loeffler 
bacillus  is  an  instance  in  point. 

Less  virulent  organisms  may  not  cause  the  actual  death  of  the 
tissue,  but  they  may  so  impair  the  structure  as  to  necessitate  more 
or  less  of  renewal.  Their  persistence  in  the  tissue  will  then  be  the 
source  of  continued  unusual  vascular  and  cell  activity,  not  a  new 
kind  of  energy,  but  an  increase  of  that  previously  existing  and  tend- 
ing to  ultimate  repair. 

In  this  repair  of  tissues,  as  in  the  repair  of  a  building,  an  accu- 
mulation of  material  is  necessary.     This  material  is  brought  by  the 
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blood,  and  the  increased  demand  requires  enlarged  vessels;  hence 
hyperseniia,  with  its  accompanying  heat  and  redness.  The  material 
is  for  the  most  part  required  for  use  outside  the  vessels;  hence  effu- 
sion of  serum  and  diapedesis  of  cell-elements,  and  this  in  turn  pro- 
duces swelling.     The  pressure  upon  nerve-fibres  causes  pain. 

Thus  we  have  the  four  cardinal  symptoms  of  ^^  inflammation^'  as 
the  natural  consequence  of  an  effort  toward  repair,  and  without  the 
necessity  of  invoking  the  aid  of  any  other  '^  process. '^ 

As  to  certain  incidents  which  may  or  may  not  occur  in  the  course 
of  these  changes,  such,  for  example,  as  suppuration  and  fibrosis,  they 
are  entitled  to  be  considered  as  independent  phenomena,  like  the 
sugar  formation  in  diabetes,  rather  than  to  be  regarded  as  manifes- 
tations of  a  dominating  process  such  as  inflammation  is  assumed  to 
be.  Indeed,  the  multifarious  and  dissimilar  things  that  are  sup- 
posed to  follow  in  the  train  of  inflammation  defy  all  efforts  to  trace 
a  family  likeness  among  them.  What  two  things,  for  instance, 
oould  be  more  unlike  than  suppuration  of  the  middle  ear  and  scle- 
rosis of  the  tympanum  ?  Yet  they  are  bracketed  together  under  the 
title  of  otitis  media. 

As  a  matter  of  fact,  we  find  the  most  recent  American  authorities 
are  by  no  means  agreed  as  to  what  manifestations  are  to  be  included 
in  the  inflammatory  process  and  what  are  to  be  left  without  the 
pale.  Thus,  in  Park's  Surgery  by  American  Authors^  the  term  in- 
flammation is  restricted  to  those  disturbances  which  are  produced 
by  bacteria  themselves  or  by  their  toxins,  and  which  tend  toward 
pus  formation.  Nancrede  holds  a  similar  view,  and  entitles  one  of 
his  lectures  Inflammation  a  True  Microhic  Process  (p.  65). 

Indeed,  most  surgical  writers  are  inclined  to  exclude  fibrous 
hyperplasia  entirely  from  the  idea  of  inflammation,  in  opposition 
to  the  physicians  who  find  in  it  a  favorite  form  of  ^'  itis."  If  the 
surgeons  would  go  a  step  further  and  accept  pyogenesis  as  a  tub  stand- 
ing on  its  own  bottom,  they  would  be  rid  at  once  of  the  incubus  of 
inflammation  under  which,  their  medical  brethren  are  weighed  down. 
How  great  is  this  incubus  will  be  seen  when  the  difficulties  in  the 
way  of  arriving  at  a  definition  are  appreciated.  These  difficulties 
are  so  great  that  some  writers  decline  the  task,  and  those  who  accept 

1  American  Journal  of  the  Medical  Sciences,  p.  335. 
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it  speak  in  hesitating  and  uncertain  terms.  We  have  in  ^^  inflam- 
mation'' an  inheritance  that  plagues  us,  but  we  have  not  quite  the 
courage  to  throw  it  off,  and  meantime  we  have  to  apologize  for  it 
as  best  we  can.  To  my  mind  it  seems  clear  that  in  ^^  inflammation '' 
the  tissues  behave  thus  and  so  not  because  they  are  attacked  by  an 
indefinite,  undescribable,  immaterial  process,  but  because  they  are 
attacked  by  a  definite,  demonstrable  material  noxa.  If  we  inject 
sterilized  oil  of  turpentine  into  the  cellular  tissues  the  place  becomes 
red,  hot,  swollen,  and  painful,  not  because  it  is  the  seat  of  ^'  inflam- 
mation/' bat  because  it  is  the  seat  of  so  and  so  many  drops  of  oleum 
terebinthinse.  In  scarlatina  the  structure  of  the  kidney  undergoes 
changes,  not  because  it  is  ^^  inflamed,"  but  because  its  elements  are 
saturated  with  a  material  irritant  poison.  Peritoneal  infection  kills 
the  patient  not  because  an  ^^inflammatory  process"  has  been 
'^lighted  up"  in  his  peritoneum,  but  because  his  peritoneum  is 
permeated  by  myriads  of  bacteria,  whose  toxins,  poisoning  a  vast 
aggregate  of  nerve-endings,  inflict  a  corresponding  shock.  Twist- 
ing an  ankle  produces  immediate  tumefaction,  accompanied  by  in- 
tense pain,  heat,  and  redness,  not  because  it  initiates  a  new  process, 
but  because  of  the  mechanical  injury  inflicted  upon  the  structure  of 
the  joint,  and  the  afflux  of  blood  called  for  as  the  first  step  toward 
repair. 

At  this  point  I  shall  be  met  by  the  statement  that  I  am  seeking 
to  establish  what  is  already  granted,  and  that  no  authority  accords 
to  inflammation  the  position  of  a  distinct  and  separate  pathological 
energy.  Perhaps  not  in  stated  terms,  but  in  our  text-books  there 
is  a  variance  between  the  definition  of  the  term  and  the  treatment 
of  the  subject.  The  term  may  be  defined  into  thin  air,  as  merely 
another  name  for  something  else,  but  the  subject  is  treated  as  sys- 
tematically and  as  exhaustively  as  typhoid  fever  or  measles  or  any 
other  pathological  or  nosological  entity.  Its  etiology,  symptoms, 
progress,  and  treatment  are  duly  set  forth,  and  in  every  respect  it 
takes  the  position  of  a  disease;  in  fact,  the  most  important  of  all 
diseases,  or,  as  a  very  recent  authority  denominates  it,  ^*  the  domi- 
nant process  in  disease."  So  long  as  this  continues  to  be  the  case 
the  practical  objection  remains,  and  the  doctrine  of  inflammation 
continues  to  be,  as  I  think,  an  obstruction  to  the  progress  of  medical 
science — that  is,  something  built  up  across  its  path. 
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I  feel  assured,  at  least,  that  if  the  whole  field  of  pathology  were 
investigated  anew,  without  any  historical  bias  and  in  the  light  of 
modern  bacteriology,  the  idea  of  inflammation  would  never  once 
occur  to  any  investigator.  And  even  now,  with  our  minds  satu- 
rated with  the  old  habits  of  thought,  I  am  convinced  that  when  we 
shall  have  exhausted  the  study  of  the  various  forms  of  noxse  and 
their  modes  of  action  on  the  one  hand,  and  on  the  other  the  defen- 
sive and  reparative  action  of  the  tissues,  we  shall  find  that  the 
ground  has  been  completely  covered,  and  no  place  has  been  left  for 
the  study  of  ^^  inflammation."  Led  by  this  conviction,  I  feel  con- 
strained, at  whatever  risk  of  being  deemed  presumptuous,  to  ask  the 
question  that  forms  the  title  of  this  paper,  and  to  answer  it  as  to 
my  own  belief,  affirmatively.  Accordingly  I  venture  the  proposi- 
tion that  the  entire  doctrine  of  ^^  inflammation '^  should  be  aban- 
doned, and  that  the  phenomena  ascribed  to  this  process  should  be 
assigned  to  new  relations  in  accordance  with  recent  advances  in 
pathology,  and  especially  in  bacteriology — advances  that  have  ren- 
dered obsolete  a  conception  handed  down  to  us  from  remote  ages. 

In  the  matter  of  nomenclature  tiiis  proposal  would  involve, 
of  course,  doing  away  witu  the  termination  ^^  itis."  As  most  of  the 
phenomena  heretofore  included  under  the  term  ^^  inflammation  "  are 
manifestations  of  the  local  action  excited  by  a  micro-organism  or  by 
a  poison  circulating  in  the  blood,  I  would  propose  that  such  action 
be  expressed  by  a  termination  to  be  affixed  to  the  name  of  the 
organism  or  poison,  if  the  same  can  be  determined,  or  to  the  organ 
or  part  affected  in  case  the  particular  infecting  organism  or  poison 
is  not  identified.  We  have  a  universally  accepted  precedent  for  the 
first  named  use  in  the  case  of  tuberculosis.  I  would  propose  that 
we  extend  the  use  of  this  termination  to  the  action  of  other  organ- 
isms, and  express  by  streptocosis  an  infection  by  the  streptococcus ; 
by  staphyloGOsis  an  infection  by  the  staphylococcus;  by  gonocosis  an 
infection  by  the  gonococcus,  and  so  on,  using  a  localizing  adjective 
to  denote  the  seat  of  the  affection.  Infection  by  an  undetermined 
organism  would  be  mierobosis  or  bacteriosis  as  a  general  term,  or  it 
would  be  expressed  by  adding  the  termination  to  the  name  of  the 
part  in  the  same  way  as  *^  itis^'  is  now  employed. 

Under  this  nomenclature  ^ericardosis  would  denote  simply  infec- 
tion of  the  pericardium ;  pericardial  pneumocosis,  infection  of  the 
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pericardium  by  pneuraococci  We  should  have,  also,  scarlatinosis 
(renal,  glandular),  rheumatosis  (articular,  endocardial),  etc.,  expres- 
sing the  local  action  of  a  poison  in  the  blood. 

If  a  general  name  is  demanded  as  a  substitute  for  ^'  inflamma- 
tion,'^ I  would  say  that  no  one  word  ought  to  be  made  to  include 
all  the  heterogeneous,  unrelated  processes  and  conditions  which  have 
been  comprised  under  that  term.  At  least  three  words  would  be  re- 
quired to  express  different  kinds  of  noxse  acting  in  different  ways 
and  leading  to  essentially  different  results. 

These  might  be  traumosisy  to  include  wounds  and  injuries;  tox- 
osiSf  to  include  the  local  action  of  poisons  in  the  blood ;  and  bacte- 
riosisj  to  include  the  action  of  micro-organisms.  These  would 
comprise  the  processes  and  conditions  that  have  a  fair  claim  to  be 
recognized  as  inflammatory  under  the  present  nomenclature.  There 
are  others,  especially  among  the  very  chronic  tissue  changes,  whose 
claims  are  doubtful,  but  which  are  sufficiently  described  already  by 
names  not  ending  in  ^^  itis." 

The  present  limited  use  of  the  termination  '^  osis  "  in  such  words 
as  fibrosis,  cytosis,  etc.,  and  in  designating  certain  skin  affections, 
would  cause  no  embarrassment,  as  the  meaning  would  always  be 
made  plain  by  the  context. 

But  this  is  not  merely  a  matter  of  words  and  names  and  defini- 
tions ;  it  is  a  matter  of  great  practical  importance  as  well.  For  so 
long  as  inflammation  presents  itself  before  us  as  the  object  of  our 
therapeutic  efforts,  something  to  be  ^*  combated"  or  * ^  controlled ' ' 
or  ^'  subdued,'^  so  long  we  are  tempted  to  look  away  from  the  con- 
tinuously acting  morbific  agent,  and  at  the  same  time  to  ignore  the 
effort  that  the  tissues  are  making  for  their  own  defence  and  repair. 
In  striking  at  the  ignis  fatuus  of  inflammation  we  overlook  our  real 
enemy  and  are  liable  to  injure  our  friend. 

For  example,  if  we  treat  the  inflammation  in  a  furuncle  by  appli- 
cation of  cold  we  may  succeed  for  a  time  in  diminishing  the  swell- 
ing, redness,  heat,  and  pain  ;  but  the  noxa,  in  the  form  of  bacteria, 
will  still  be  there,  and  we  shall  certainly  have  to  deal  with  it  in  the 
end.  We  have  only  deferred  tlie  evil  day  and  added  to  the  sum 
total  of  our  patient's  suffering. 

Or,  again,  if  bacteria  are  at  work  in  the  appendix  vermiformis, 
and  we  are  very  successful  in  **  combating  the  inflammation"  by 
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our  local  and  general  treatment,  we  may  succeed  in  preventing  the 
effusion  of  lymph  that  would  have  walled  in  the  infected  area,  and 
be  rewarded  by  seeing  our  real  enemy  in  possession  of  the  entire 
field  of  the  peritoneum. 

Or,  once  more,  if  we  have  a  multitude  of  colonies  of  pneumococci 
growing  in  the  exudate  which  is  occupying  the  air-cells  of  a  portion 
of  lung,  and  we  seek  to  ^'  control  the  inflammation"  ("  pneumonitis '') 
by  means  of  ^^  arterial  sedatives,"  such  as  antimony  and  veratrum 
viride,  we  may  find  a  little  later  that  we  have  only  diminished  the 
power  so  sorely  needed  to  propel  the  blood  through  the  obstructed 
lesser  circulation,  and  added  to  the  danger  that  our  patient  will 
succumb  to  failure  of  the  right  heart. 

And,  as  a  last  illustration,  if  through  fear  of  ^^  feeding  the  inflam- 
mation "  we  are  led  to  starve  our  patient,  we  shall  in  many  cases 
deprive  the  tissues  of  just  the  nourishment  required  to  enable  them 
to  resist  the  morbific  influence  against  which  they  are  contending. 
In  this  connection  how  eloquent  is  the  hackneyed  prescription  of 
'^cod-liver  oil  and  iron"  as  a  sequel  to  the  ''antiphlogistic  treat- 
ment'^  of  half  a  century  ago.  And  here  I  would  remark  that  the 
task  of  the  hour  seems  to  be  to  square  our  theory  with  the  lessons 
in  practice  which  we  have  learned  empirically. 

But  it  is  not  to  treatment  alone  that  advantage  would  come  from 
doing  away  with  the  idea  of  inflammation.  It  would  lead  to  more 
exact  diagnosis.  As  it  is  now,  the  average  diagnosis  is  supplied  by 
merely  adding  the  termination  ''itis"  to  the  name  of  the  organ  or 
part  that  has,  or  is  supposed  to  have,  something  or  other  the 
matter  with  it.  No  attempt  is  made  to  determine,  or  at  least  to 
designate,  the  morbific  agent  underlying  the  phenomena.  The 
''  itis"  forms  a  pit  into  which  anything  and  everything  are  thrown, 
from  hyperplasia  of  the  cardiac  valves  to  empyema ;  from  thickened 
ear-drum  to  hip-joint  disease;  from  in-growing  toe-nail  to  atrophy 
of  the  renal  cortex  ;  from  housemaid's  knee  to  ''  myocarditis;"  from 
ulcer  of  the  cornea  to  dysentery  ;  and  from  ''  pink-eye"  to  ''  milk- 
leg.''  The  plan  proposed  would  at  least  demand  some  effort  to 
discriminate  between  conditions  as  wide  asunder  as  the  poles.  The 
use  of  the  less  exact  designation  would  be  a  confession  of  failure  to 
arrive  at  the  one  more  precise  and  a  self-rebuke  for  indolent  and 
slovenly  methods. 
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The  demand  of  the  day  is  for  absolute,  uncompromising  truth  in 
everything  relating  to  science.  In  literature  there  is  ample  play 
for  the  imagination,  but  here  precision  of  thought  and  of  language 
is  exacted.  The  physicist  would  not  for  a  moment  tolerate  the 
idea  of  a  material  efiPect  being  the  product  of  an  immaterial  cause. 
The  doctrine  of  the  conservation  of  forces  presupposes  a  material 
basis  underlying  every  manifestation  of  energy.  Why  should  we 
continue  to  employ  language  that  implies  a  different  law  or  indiffer- 
ence to  law  in  medicine  ? 
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The  whole  number  of  cases  studied  by  this  committee  is  27,  all 
coming  in  the  years  between  1895  and  1900  :  9  cases  from  the 
Massachusetts  General  Hospital ;  16  cases  from  the  Boston  City 
Hospital ;  1  case  from  St.  Elizabeth's  Hospital,  and  1  case  from 
the  Boston  Children's  Hospital. 

In  the  year  1895  there  are  3  cases,  but  only  one  of  them  will 
bear  analysis  as  a  case  of  genuine  typhoid  fever;  1  case  in  1896, 
4  cases  in  1897,  5  cases  in  1898,  and  14  cases  in  1899. 

This  is  a  striking  illustration  of  the  increase  in  the  operative 
tendenqy.  The  data  from  which  this  analytical  report  has  been 
made  are  the  complete  medical,  surgical,  and  post-mortem  records 
of  the  several  hospitals,  together  with  the  summarized  statements 
and  opinions  sent  in  by  the  physicians  and  surgeons  in  attendance. 
From  this  available  material  a  concise  view  of  each  case  has  been 
made  with  reference  to  all  the  important  points  bearing  in  any  way 
on  the  diagnosis  and  treatment  of  peritoneal  infection  in  typhoid 
fever. 
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The  committee  would  deprecate  its  critical  comments  of  to-day 
being  interpreted  as  fault-finding  with  the  practice  of  earlier  years; 
neither  does  the  committee  forget  that  the  ideal  is  not  always,  or 
under  all  conditions,  to  be  realized  in  practice.  Doubtless  a  nearer 
approach  to  the  ideal  should  be  aimed  at  and  would  now  be  possible 
than  is  found  in  most  of  the  cases  here  reported.  And  the  com- 
mittee is  still  further  quite  aware  that  the  ideal  itself —for  example, 
in  regard  to  such  a  matter  as  the  value  and  application  of  the  white 
blood-count — is  subject  to  further  changes;  the  value  of  pain  as  a 
warning  symptom  also  merits  further  study. 

Of  the  27  cases,  A,  B,  and  C  must  be  thrown  out  of  our  con- 
sideration, because  of  no  proof  that  they  were  genuine  cases  of 
typhoid.  Cases  B  and  C  were  both  cases  of  advanced  general  peri- 
tonitis when  first  seen,  and  in  both  of  them  there  was  no  proof  that 
typhoid  was  the  origin  of  the  peritonitis. 

Case  A  was  brought  to  the  City  Hospital  in  a  moribund  condi- 
tion, and  showed  general  peritonitis  at  the  operation.  Cultures 
from  the  interior  of  the  gall-bladder  showed  the  presence  of  the 
bacillus  typhosus.  This,  however,  cannot  be  accepted  as  conclusive 
proof  that  the  case  was  one  of  typhoid  peritonitis.  Cultures  from 
the  peritoneal  fluid  showed  only  the  staphylococcus  albus.  It  is 
an  accepted  fact  that  typhoid  bacilli  can  and  do  remain  active  in 
the  gall-bladder  for  months  and  years  after  an  attack  of  typhoid 
fever.  For  example,  Miller^  has  reported  a  case  in  which  the 
bacillus  typhosus  was  found  in  the  gall-bladder  seven  years  after 
an  attack  of  typhoid  fever.  There  is  no  proof,  therefore,  that  the 
peritonitis  in  Case  A  might  not  have  been  of  other  origin  than 
typhoid  fever,  and,  therefore,  it  cannot  be  included  in  our  list  of 
cases  for  study.  This  series,  then,  embraces  24  cases,  which  are 
all  undeniable  cases  of  typhoid;  there  can  be  no  controversy  on 
this  point. 

Eighteen  cases  had  a  positive  Widal  serum  reaction  in  addition 
to  the  evidence  furnished  by  the  clinical  course  of  the  case  and  the 
positive  pathological  evidence  furnished  by  the  operation  or  post- 
mortem examination.  In  3  cases  the  Widal  test  was  not  made;  in 
3  cases  the  Widal  test  was  negative.     Two  of  the  cases  in  which  it 

1  Johns  Hopkins  Hospital  Bulletin,  May,  1898. 
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was  not  made  occurred  in  the  years  1895  and  1896,  a  period  of  time 
before  the  use  of  the  test. 

Of  the  6  cases  in  which  the  Widal  test  was  not  made  or  was 
negative  there  can  be  no  doubt  of  the  diagnosis  of  typhoid,  because 
of  the  findings  at  the  operation  or  the  post-mortem  which  fully 
corroborated  the  clinical  diagnosis.  In  2  of  the  cases  in  which  the 
Widal  test  was  not  made  the  diazo  test  was  positive. 

All  of  the  24  cases  had  symptoms  upon  which  a  diagnosis  of 
intestinal  perforation  was  made  and  for  which  an  operation  was 
performed. 

Three  of  the  cases  (22,  23,  and  24)  presented  symptoms  strongly 
suggestive  of  intra-abdominal  infection,  and  accordingly  were  oper- 
ated upon  with  a  diagnosis  of  intestinal  perforation,  but  at  the 
operation  no  positive  cause  for  the  symptoms  was  found.  Two 
cases  recovered  from  this  exploratory  operation  and  one  died. 
These  cases  are  of  the  greatest  importance  from  the  diagnostic 
point  of  view,  and  will  be  considered  carefully  when  the  subject 
of  ^^  Symptoms  and  Diagnosis''  is  taken  up. 

Case  19  had  characteristic  symptoms  of  acute  sudden  peritoneal 
infection,  and  operation  discovered  a  general  septic  peritonitis,  but 
did  not  determine  the  cause;  therefore  this  case  should  not  be 
classed  with  those  in  which  the  cause  of  the  peritonitis  is  certain, 
although  it  certainly  seems  rational,  on  considering  the  history  and 
the  symptoms  and  the  fact  that  several  different  thin  places  in  the 
intestinal  wall  were  found  at  operation,  to  consider  it  a  case  of  per- 
foration. 

In  Cases  2  and  16  the  classic  severe  symptoms  of  perforation 
were  simulated,  but  operation  discovered  the  cause  of  the  symp- 
toms to  be  a  general  septic  peritonitis  originating  in  damaged  and 
necrosed  areas  of  peritoneum  over  the  bases  of  one  or  more  typhoid 
ulcers.  These  cases  might  be  called  cases  of  progressive  peritoneal 
infection  from  threatened  perforation. 

In  Case  21  the  symptoms  amply  justified  the  diagnosis  of  intes- 
tinal perforation,  but  operation  proved  that  the  symptoms,  which 
were  identical  with  the  usually  accepted  symptoms  of  perforation 
of  the  bowel,  were  due  to  a  general  septic  peritonitis  arising  from  a 
ruptured  mesenteric  gland. 

So  that  out  of  the  24  cases  of  true  typhoid  only  17  were  cases 
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of  peritoneal  infection  from  actual  perforation  of  the  intestinal 
wall. 

Two  cases  were  of  general  infection  from  threatened  perforations 
or  areas  of  necrotic  peritoneum;  1  case  of  general  infection  from 
a  ruptured  mesenteric  gland;  1  case  of  general  infection  from  an 
unknown  cause,  presumably  intestinal  perforation;  3  cases  had  no 
certain  cause  for  the  symptoms  which  demanded  operative  inter- 
ference. 

Since  it  will  be  shown  that  in  many  cases  no  differentiation  be- 
tween the  usually  accepted  symptoms  of  actual  perforation  and  the 
symptoms  of  general  septic  peritonitis  can  be  made,  this  series  of 
24  cases  gives  us,  for  further  study,  21  cases  of  grave  peritoneal 
infection  in  typhoid  fever  and  3  cases  of  mistaken  diagnosis,  but 
with  symptoms  of  peritoneal  infection. 

Diagnostically  and  from  the  point  of  view  of  treatment  all  of 
these  cases  should  go  in  under  the  head  of  acute  peritoneal  infec- 
tion in  the  course  of  typhoid  fever.  It  may  be  well,  however,  to 
analyze  the  two  groups  of  cases  separately,  dividing  the  perforations 
from  the  other  cases. 

Of  the  24  cases  presenting  acute  abdominal  symptoms,  with  or 
without  discoverable  cause,  18  were  males  and  6  were  females.  Of 
the  18  males  15  were  under  thirty  years;  1  was  forty-five  years; 
1  was  thirty-eight  years;  1  was  thirty-two  years;  14  cases  were  be- 
tween the  years  of  nineteen  and  thirty,  and  1  case  was  sixteen  years. 
Of  the  females,  6  in  number,  4  were  between  twenty  and  twenty- 
six  years,  1  was  forty  years,  and  1  was  sixteen  years. 

The  total  number  of  cases  shows,  therefore,  that  acute  abdominal 
infection  occurs  most  often  in  young  adults  between  the  ages  of 
eighteen  and  thirty  years;  that  it  is  most  frequent  in  men;  that  it 
is  rare  in  children.  It  is  noteworthy  that  two  of  the  cases  pre- 
senting acute  abdominal  symptoms  without  discbv^erable  cause 
occurred  in  young  women,  aged  twenty  and  sixteen  years  respec- 
tively. 

These  facts  in  regard  to  age  and  sex  are  in  general  accord  with 
the  investigations  of  Dr.  E.  H.  Fitz  and  others,  although  the  per- 
centage of  those  under  thirty  years  of  age  happens  to  be  somewhat 
larger  than  in  Dr.  Fitz^  s  tables.  ^ 

1  Transactions  of  the  Association  of  American  Pliysicians,  vol.  vi.  p.  200. 
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As  to  the  question  of  typhoid  perforation  in  children  under  twelve 
years  of  age,  we  have  been  able  to  find  but  4  cases  of  operation  for 
perforation  in  children  under  that  age  in  all  the  cases  reported  in 
literature. 

Gushing:^  Boy,  nine  years  old,  on  which  case  three  laparotomies 
were  done;  the  case  recovered.  Three  cases  are  given  in  Keen's^ 
tables  of  cases  of  operation  for  typhoid  perforation. 

All  the  cases  but  one  were  white  in  color.  This  proportion  of 
blacks  to  whites  would  very  likely  be  different  in  other  parts  of  the 
country,  where  the  proportion  of  the  colored  population  to  the  white 
is  greater. 

In  18  of  the  24  cases  the  clinical  nature  and  course  of  the  typhoid 
was  mild,  and  in  15  of  these  18  mild  cases  perforation  or  general 
septic  peritonitis  was  present.  The  3  cases  which  presented  symp- 
toms without  certain  cause  were  mild  cases. 

One  case,  No.  17,  was  a  "walking  typhoid ;''  6  cases,  Nos.  2, 
6,  8,  12,  14,  and,  20  were  severely  sick  typhoids.  All  of  these  6 
cases  had  general  septic  peritonitis  from  actual  or  threatened  per- 
foration, and  all  died. 

These  facts  are  in  accord  with  the  hitherto  accepted  knowledge 
that  intestinal  perforation  in  typhoid  frequently  occurs  in  those 
cases  of  a  mild  type,  or,  in  other  words,  there  is  no  relation  between 
the  severity  of  the  course  of  the  fever  and  the  likelihood  of  intes- 
tinal perforation. 

The  difficulty  of  the  diagnosis  of  the  peritoneal  infection  in  cases 
of  the  severe  type  will  be  touched  upon  later. 

The  sudden  fulminating  symptoms  in  the  severely  sick  cases  will 
be  found  in  the  majority  of  instances  to  be  due  to  a  general  septic 
peritonitis,  which  was  often  unsuspected  and  had  slowly  progressed. 
On  the  other  hand,  a  sudden,  acute  onset  in  the  mild  type  more 
often  meant  sudden  intestinal  perforation  with  extravasation.  In 
certain  of  the  severely  sick  cases  in  this  series  it  would  seem  as  if 
a  diagnosis  of  the  onset  of  the  peritoneal  infection  was  practically 
impossible. 

The  organic  complications  were  very  few:  3  cases  had  mitral 
regurgitation  amply  compensated;  1  case  in  which  operation  dis- 

1  Johns  Hopkins  Hospital  Bulletin,  1898. 

2  Surgical  Complications  and  Sequels  of  Typhoid  Fever. 
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covered  no  cause  for  the  symptoms  had  an  especially  feeble  heart, 
with  mitral  regurgitation,  yet  this  case  recovered  from  the  explo- 
ration; in  9  cases  intestinal  hemorrhages  are  noted;  in  2  cases  it 
occurred  three  weeks  before  the  severe  symptoms  of  perforation 
appeared;  in  2  cases  it  occurred  forty-eight  hours  before  the  severe 
abdominal  symptoms,  but  there  was  a  distinctly  comfortable  period 
between  the  occurrence  of  these  hemorrhages  and  the  sudden  onset 
of  abdominal  pain.  In  3  cases  intestinal  hemorrhages  preceded  and 
coincided  with  the  beginning  of  peritoneal  infection.  Case  19  had 
daily  intestinal  hemorrhages  for  three  days  before  sudden  abdom- 
inal symptoms.  Case  12  had  a  severe  hemorrhage  five  days  before 
the  symptoms  for  which  operation  was  done;  but  this  case  was  so 
sick  and  stupid  as  to  justify  the  supposition  that  perforation  prob- 
ably took  place  long  before  the  foul  and  evidently  long-established 
general  peritonitis  was  diagnosed.  Case  6  had  two  severe  hemor- 
rhages just  preceding  and  coincident  with  the  perforation.  In  2 
cases  intestinal  hemorrhages  are  noted  after  the  operation.  In  Case  1 
a  severe  hemorrhage  five  days  after  the  operation  was  undoubtedly 
the  cause  of  death. 

Intestinal  hemorrhage,  inasmuch  as  it  must  come  through  exten- 
sive ulceration  of  the  intestinal  wall,  and  since  this  may  mean 
proximity  to  the  peritoneal  coat  of  the  intestine,  must  be  to  a 
large  extent  a  danger  signal  of  perforation.  The  occurrence  of  in- 
testinal hemorrhages,  therefore,  should  properly  demand  a  close 
watch  for  the  symptoms  of  beginning  peritoneal  infection,  frequent 
examination  of  the  abdomen  to  detect  tenderness  or  abnormal 
rigidity  and  muscular  spasm,  associated  with  frequent  leucocyte 
counts.  The  occurrence  of  acute  abdominal  pain  following  and 
coincident  with  intestinal  hemorrhage  should  lead  to  the  suspicion 
of  peritoneal  infection. 

The  Week  in  the  Disease  in  which  Peritoneal  Infection 

Took  Place. 

Of  the  cases  in  which  perforation  and  general  peritonitis  existed 
the  acute  abdominal  symptoms  appeared  at  the  following  times:  In 
5  cases  at  the  end  of  the  second  or  first  of  the  third  week ;  8  cases 
at  the  end  of  the  third  week;  1  case  during  the  fourth  week;  4 
cases  during  the  fifth  week;  1  case  during  the  sixth  week;  1  case 
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during  the  ninth  week;  1  case  during  the  eleventh  week  in  a 
relapse. 

Of  the  cases  operated  upon  under  a  mistaken  diagnosis  1  was  in 
the  fourth  week,  1  in  the  fifth  week,  and  1  in  the  sixth  week.  The 
diagnostic  symptoms  of  intestinal  perforation  in  typhoid  as  they  are 
usually  understood,  namely,  sudden  abdominal  pain,  fall  of  tem- 
perature, collapse,  general  abdominal  rigidity  and  tenderness,  with 
or  without  vomiting,  anxious  facies  coming  on  without  warning, 
do  not  present  themselves  as  a  complete  picture  in  any  one  of  this 
series  of  cases.  The  majority  of  the  cases  show  records  of  definite 
warning  symptoms,  or,  in  other  words,  present  evidences  of  a  grad- 
ual onset  of  peritoneal  infection. 

It  is,  in  fact,  rational  to  conclude  from  a  study  of  the  symptoms 
in  these  cases,  together  with  the  findings  at  operation,  that  the 
severe  symptoms  corresponding  to  the  ordinary  text-book  picture 
of  intestinal  perforation  in  typhoid  were,  in  the  majority  of  cases, 
caused  by  the  general  septic  peritonitis  resulting  from  a  perforation 
or  a  threatened  perforation,  the  occurrence  of  which  (the  perfora- 
tion or  local  area  of  infection)  was  indicated  more  or  less  plainly 
by  symptoms  of  less  severity  which  antedated  the  severe  or  so-called 
diagnostic  symptoms  by  a  definite  number  of  hours. 

If  it  is  one  thing  to  operate  for  intestinal  perforation,  and  a  de- 
cidedly different  thing  to  operate  for  a  septic  peritonitis  resulting 
from  a  perforation,  the  fact  should  be  thoroughly  understood  that 
the  severe  and  usual  diagnostic  symptoms  in  this  class  of  cases 
meant  that  septic  peritonitis  had  already  existed  for  some  time,  and 
that  the  perforation  took  place  at  a  previous  time  and  was  evidenced 
by  milder  and  more  localized  symptoms.  It  is  a  fact  that  in  the 
majority  of  these  cases  definite  premonitory  symptoms  are  recorded 
at  a  time  more  or  less  remote  from  the  severe  symptoms  which  first 
led  to  the  diagnosis,  and  for  which  the  physician  called  the  surgeon 
in  consultation. 

Seven  cases  of  the  21  in  which  operation  found  cause  for  the 
symptoms,  namely,  Nos.  1  to  7  inclusive,  presented  a  sudden,  acute 
picture  of  grave  abdominal  infection  without  any  premonitory  symp- 
toms. Of  these  7  cases,  5  (N"os.  1,  3,  4,  5,  and  7)  were  mild 
typhoids,  whose  general  and  mental  condition  was  favorable  to  the 
noting  of  abdominal  pain.     Two  cases  (Nos.  2  and  6)  were  very 
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sick,  stupid,  and  semiconscious  ;  a  class  of  cases  in  which  the 
occurrence  of  considerable  localized  abdominal  pain  might  not  be 
noted.  In  Case  2  the  symptoms,  sudden  though  thej  were,  were 
due  to  a  general  peritonitis  from  the  damaged  peritoneum  over  the 
base  of  one  or  more  ulcers,  and  not  due  to  a  sudden  perforation. 
In  Case  6  the  sudden  symptoms  were  caused  by  the  presence  of  a 
general  peritonitis  which  had  extended  from  a  localized  abscess 
originating  from  the  intestinal  perforation,  which  at  its  appearance 
had  given  no  symptoms,  so  that  of  the  7  cases  which  present  ful- 
minating symptoms  and  which  most  closely  conformed  to  the 
hitherto  established  idea  of  the  symptoms  of  intestinal  perforation 
only  5  proved  to  be  due  to  actual  sudden  perforation^  while  1  was 
not  a  case  of  perforation  at  all,  and  in  the  other  the  perforation  and 
progress  of  the  localized  peritonitis  with  abscess  formation  did  not 
cause  any  symptoms. 

The  sudden  onset  in  these  7  cases  presents  a  different  picture  in 
the  5  cases  in  which  the  symptoms  were  proved  to  be  due  to  actual 
perforation.  In  these  cases  we  have  the  symptoms  of  sudden  severe 
pain  coming  on  without  warning,  more  or  less  localized  in  the  right 
iliac  region,  accompanied  by  localized  muscle  spasm  and  tenderness 
with  the  varying  amount  of  shock.  In  the  two  cases  in  which  the 
symptoms  were  due  to  general  peritonitis  we  have  a  picture  sug- 
gesting general  peritonitis,  marked  collapse,  great  distention,  and 
general  tenderness  and  rigidity.  It  might  be  concluded  from  a 
study  of  these  7  cases  that  in  mild  typhoids  the  appearance  of 
sudden  severe  abdominal  symptoms  without  any  previous  abdom- 
inal pain  or  tenderness  may  most  often  mean  sudden  intestinal  per- 
foration with  extravasation  into  the  general  peritoneal  cavity,  and 
that  the  symptoms  may  vary,  the  chief  symptoms  being  sudden 
pain,  tenderness,  and  muscular  spasm  localized,  attended  with  more 
or  less  marked  shock;  but  in  very  sick  and  lethargic  cases  the 
appearance  of  severe  abdominal  symptoms  without  warning  most 
often  means  the  presence  of  general  septic  peritonitis  originating  in 
some  one  of  the  possible  sources  of  peritonitis  in  typhoid,  the  grad- 
ual onset  of  which  it  has  been  impossible  to  diagnose  because  of  the 
sick  and  stupid  condition  of  the  patient. 

It  has  been  stated  that  in  the  above  7  cases  there  were  no  warn- 
ing symptoms.     By  this  is  meant  direct  abdominal  symptoms — 


90  SHATTUCK, 

pain,  tenderness,  and  muscular  spasm.  It  should  be  stated,  for  the 
sake  of  completeness,  that  3  cases  had  one  or  more  intestinal  hem- 
orrhages on  the  two  days  preceding  the  acute  abdominal  symptoms. 
One  case  had  several  hard  chills  without  hemorrhage  during  the 
twenty-four  hours  preceding  the  onset  of  the  peritoneal  symptoms. 
The  occurrence  of  chills  as  a  symptom  of  peritoneal  infection  in 
typhoid  is  probably  rare.  It  can  only  be  a  symptom  leading  to 
suspicion  of  infection  when  it  is  unassociated  with  hemorrhage. 

J.  F.  R.  Gairdner^  states  that  rigor  as  an  initial  symptom  of 
peritoneal  infection  in  typhoid  is  uncommon.  He  noted  it  in  only 
2  cases  out  of  47  studied  by  him.  It  is  noteworthy  that  in  one  of 
his  cases  and  in  the  case  of  Jenner  the  peritonitis  ushered  in  by 
rigors  was  due  to  the  rupture  of  a  softened  mesenteric  gland.  In 
Case  21,  the  only  case  of  our  series  of  peritonitis  from  the  same 
cause,  no  chill  occurred.  In  the  absence  of  intestinal  hemorrhage 
to  account  for  rigors  it  might  not  be  irrational  to  suppose  that  it 
might  occasionally  be  present  in  the  early  stages  of  peritoneal  in- 
fection. 

In  those  3  cases  in  which  no  cause  for  the  symptoms  was  found 
at  operation  the  onset  of  the  same  was  gradual.  These  cases  will 
be  referred  to  again  in  the  subject  headed  ^^  Symptoms  and  Diag- 
nosis.^' 

We  have  14  cases,  namely:  Cases  8  to  21  inclusive,  with  more 
or  less  gradual  onset  of  the  abdominal  symptoms.  Eleven  of 
these  are  cases  of  intestinal  perforation  and  resultant  general  septic 
peritonitis;  2  are  cases  of  general  peritonitis  without  perforation; 
1  a  case  of  general  septic  peritonitis  of  unknown  origin,  though 
probably  due  to  a  perforation. 

One  of  the  perforative  cases  (Case  17)  was  a  ^^  walking  typhoid,'' 
and  had  probably  had  general  peritonitis  for  at  least  thirty-six  hours 
before  entering  the  Massachusetts  General  Hospital. 

In  all  of  these  14  cases  distinct  warning  symptoms  antedated 
equally  distinct  severe  and  diagnostic  symptoms.  The  milder 
symptoms,  which  we  must  conclude  marked  the  beginning  of  the 
peritoneal  infection,  were  chiefly  various  degrees  of  abdominal  pain 
and  tenderness,  either  localized  or  general,  complained  of  by  the 

1  Glasgow  Medical  Journal,  1897,  vol.  xlvii.  p.  103. 
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patient.  All  of  these  14  cases  were  mild  types  except  4.  In  only 
1  of  the  14  cases  was  any  complaint  recorded  of  abdominal  pain 
until  the  complaint  ushering  in  the  severe  symptoms,  and  in  the 
single  exception  to  this  the  complaint  of  abdominal  pain  antedated 
the  actual  perforation  by  some  weeks. 

In  4  cases  abdominal  distention  throughout  the  course  of  the 
fever  is  noted.  In  9  cases  there  is  no  record  of  any  abdominal 
complaint  or  abnormality  until  the  peritoneal  infection  was  under 
way.  In  every  one  of  these  cases  recorded  complaint  by  the  patient 
of  abdominal  pain  was  followed  by  peritoneal  infection.  The 
severe  symptoms  followed  these  warning  symptoms  at  various 
intervals  in  every  case,  and  there  can  be  little  doubt  that  the  severe 
symptoms,  when  they  appeared,  meant  that  the  peritoneal  infection 
had  become  general  and  alarming. 

An  analysis  of  these  premouitory  symptoms  shows  that  in  6  cases 
the  pain  complained  of  was  general  abdominal  pain;  in  3  cases 
localized  in  the  left  iliac  region;  in  4  cases  in  the  right  iliac  region; 
in  1  case  in  the  lower  abdomen;  in  1  case  general  abdominal  pain, 
and  also  pain  in  the  rectum  and  bladder;  in  1  case  the  pain  began 
in  the  epigastrium  and  later  became  marked  in  the  right  iliac  region. 
It  is  much  to  be  regretted  that  the  importance  of  this  abdominal 
pain  was  apparently  not  appreciated,  as  shown  by  the  case  records. 

In  3  cases  comparatively  complete  physical  examination  is  recorded 
as  made  at  the  time.  In  no  case  was  there  a  record  of  as  careful  an 
examination  of  the  patient  in  every  detail  as  the  importance  of  the 
symptoms  demanded,  so  that  our  knowledge  of  the  accompanying 
conditions  of  tenderness,  muscular  spasm,  leucocytosis,  pulse,  and 
temperature  is  insufficient. 

In  2  cases  the  complaint  of  pain  was  preceded  by  vomiting.  In 
only  2  cases  was  a  record  of  a  leucocyte  count  made,  and  in  these 
cases  it  appears  that  the  blood-count  was  only  done  once.  As  will 
be  shown  under  the  head  of  '^  Leucocytosis  as  a  Symptom,*'  an 
isolated  blood-count  is  of  little  or  no  value.  In  1  case  general 
abdominal  tenderness  and  rigidity  were  noted,  and  in  2  cases  there 
was  general  tenderness.  In  4  cases  there  is  no  record  of  any  phys- 
ical examination,  but  a  record  that  morphine  was  given.  In  3  cases 
it  is  noted  that  the  pulse  and  temperature  were  rising. 

This  warning  abdominal  pain  preceded  the  severe  symptoms  by 
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hours  and  days;  it  appeared  in  1  case  sixty  hours  before;  1  case 
forty-eight  hours  before;  1  case  twenty-four  hours  before  (Case  17); 
4  cases  twelve  to  fifteen  hours  before;  4  cases  eight  hours  before;  3 
cases  three  to  five  hours  before. 

It  is  noteworthy  that  the  2  cases  in  which  no  actual  perforation, 
but  general  peritonitis  from  other  causes  existed,  had  equally  marked 
advance  pain. 

Cases  16  and  21,  where  the  severe  symptoms  followed  just  as  in 
the  cases  of  perforation,  point  plainly  to  the  reasoning  that  the  early 
pain  in  these  cases  was  due  to  local  peritoneal  infection,  and  that 
the  severe  symptoms  were  due  to  the  establishment  of  a  general 
infection. 

The  severe  abdominal  symptoms  in  every  case  determined  the 
diagnosis  and  the  decision  to  operate.  In  general  these  symptoms 
were  those  of  general  septic  peritonitis,  namely,  general  abdominal 
pain,  severe;  general  tenderness  and  rigidity,  with  distention,  col- 
lapse, poor  pulse,  and  anxious  facies. 

In  only  3  cases  was  there  any  vomiting. 

The  classical  sudden  fall  of  temperature  is  not  present  in  many 
of  the  cases.  The  temperature  fell  somewhat  in  a  few  cases.  In 
2  cases  it  fell  to  normal,  and  began  at  once  to  rise ;  in  1  case  it  fell 
to  and  remained  subnormal ;  in  3  cases  a  slight  drop  in  temperature 
is  noted;  in  6  cases  there  was  no  fall  of  temperature,  and  in  3  cases 
it  is  recorded  as  rising. 

In  8  cases  a  leucocyte  count  was  taken  at  a  time  corresponding 
to  these  severe  symptoms;  in  4  cases  it  showed  leucocytosis;  in  4 
cases  it  showed  no  leucocytosis.  The  leucocyte  counts  are,  how- 
ever, of  only  relative  value,  as  will  be  considered  later  under  the 
heading  of  ^^  Leucocytosis  as  a  Symptom.^' 

In  only  2  cases  was  a  record  of  obliterated  liver  dulness  made. 

The  constant  symptoms  in  every  case  are  abdominal  pain,  gen- 
eral tenderness  and  rigidity,  with  distention,  associated  with  collapse 
and  rapid,  feeble  pulse. 

A  comparison  of  the  severe  abdominal  symptoms  in  the  two 
classes  of  cases — the  7  cases  where  warning  symptoms  were  not 
present,  and  the  14  cases  with  warning  symptoms — show  distinct 
differences  in  the  severe  symptoms  in  those  in  which  the  sudden 
intestinal  perforation  and  extravasation  came  on  without  warning. 
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As  has  been  stated,  the  severe  pain,  more  or  less  localized,  with 
shock  and  muscular  spasm  and  tenderness,  characterized  the  first 
set  of  cases,  and  the  shock  varied  in  the  different  cases.  In  1  case 
the  pulse  was  not  over  100.  There  was  no  vomiting,  no  general 
abdominal  tenderness  or  rigidity,  and  no  distention  in  any  case. 

Contrasted  with  this  first  set  of  cases,  the  severe  symptoms  in 
the  second  set  present  a  much  graver  picture.  It  is  noteworthy 
that  in  the  two  cases  in  the  first  set,  in  which  general  peritonitis 
was  the  cause  of  the  symptoms  and  not  intestinal  perforation,  the 
picture  corresponds  to  the  severe  picture  in  the  second  class  of  cases. 

It  should  be  noted  that  if  the  signs  of  actual  perforation  with 
extravasation  are  local  to  a  great  extent,  as  in  the  5  cases  of  our  first 
set,  a  careful  examination  of  all  cases  at  the  warning  complaint  of 
pain  might  in  many  of  them  give  us  definite  diagnostic  signs,  as  in 
Case  3^  for  example. 

A  comparison  of  these  two  sets  of  cases — the  7  with  sudden 
symptoms  without  perforation  and  the  14  cases  with  severe  symp- 
toms following  premonitory  pain — bears  out  the  point  that  in  most 
of  them  no  positive  diagnosis  of  perforation  was  made,  but  only  a 
diagnosis  of  the  general  peritonitis  resulting  from  the  perforation. 

The  Time  of  Operation  after  Symptoms  Appeared. 

In  the  7  cases  with  no  warning  symptoms  operation  was  done 
within  twelve  hours  in  every  case;  1  case  within  an  hour  and  a 
half;  3  cases  within  four  hours;  1  case  within  seven  hours;  1  case 
within  eight  hours;  1  case  within  twelve  hours. 

At  the  operation  general  septic  peritonitis  was  not  evident  to  the 
eye  in  Cases  1,  3,  and  7.  In  Case  5  it  is  noted  as  just  beginning 
and  not  far  advanced.  In  Case  4  the  perforation  was  protected  by 
weak  adhesions,  and  no  general  infection  had  taken  place  up  to  the 
date  of  operation.  In  Cases  2  and  6  general  peritonitis  was  further 
advanced  and  was  evidently  the  cause  of  the  sudden  symptoms,  so 
that  only  five  operations  can  be  said  to  have  been  for  perforation 
itself  and  not  for  general  peritonitis;  and  of  these  5  cases,  2  cases, 
namely,  Cases  1  and  4,  may  be  said  to  have  recovered  from  the 
operation,  although  Case  1  died  at  the  end  of  five  days  from  exces- 
sive intestinal  hemorrhage.  Of  the  14  cases  which  had  warning 
symptoms  9  were  operated  upon  within  five  hours  from  the  severe 
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symptoms,  or  from  the  time  of  positive  diagnosis  of  perforation;  1 
case  within  eight  hours;  1  case  within  nine  hours;  3  cases  within 
twenty-four  hours;  3  cases,  however,  were  not  operated  upon  for 
twenty-four  hours  after  general  peritonitis  was  plainly  evident. 

Reference  to  the  annexed  table  will  show  that  the  average  time 
of  the  operation  after  the  early  warning  symptoms  was  twenty- 
three  hours. 

Number  of  Hours  Elapsing  before  Operation  in  the  14  Cases  with 
Premonitory  Symptoms. 


After  first  pain  and  warning  symptoms . 

20  hours. 

u                   u                a                     ''            .           .           .      12        '* 

48       '' 

11       '' 

15       '' 

24       '' 

20       '' 

12       '' 

60       '' 

.       8       *' 

48       '* 

6       " 

12       " 

Case  of  Bloom,  No.  17      . 

• 

9 

After  severe  symptoms     . 

. 

3 J  hours 

«           ii                  a 

8       '' 

24       '^ 

3       " 

3      '' 

9       '' 

.       5       '' 

24       " 

.       3       '' 

.       4       '' 

2       " 

Sh     " 

Case  of  Bloom,  No.  17      . 

9 

If  it  is  granted  that  the  early  pain,  etc.,  meant  perforation  or 
beginning  peritoneal  infection,  and  the  severe  symptoms  meant  gen- 
eral septic  peritonitis,  then  it  must  be  granted  that  operation  took 
place  from  six  to  sixty  hours  after  it  was  first  indicated. 
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In  all  of  these  14  cases  the  operation  should  be  considered  as 
primarily  directed  against  the  septic  peritonitis  and  not  the  intes- 
tinal perforation.  The  recoveries  from  the  operations  in  this  class 
of  cases  are  Cases  16  and  17.  Case  9  is  reported  to  have  recovered 
from  the  operation  for  one  perforation  and  to  have  lived  eight  days 
until  a  second  perforation  necessitated  a  second  operation,  followed 
by  death.  It  has  been  seen  in  the  analytical  report  of  this  case  that 
such  a  view  of  it  cannot  be  permitted.  It  seems  just  to  decide  that 
this  case  did  well  after  the  first  operation,  until  the  extensive 
necrotic  changes  in  the  caecum  involved  the  first  sutured  area  and 
caused  giving  way  of  the  sutures  and  a  second  extravasation. 

Situation  of  the  Perforation  and  Situation  of  the 
Damaged  Areas. 

We  have  in  this  series  of  cases  17  cases  of  true  intestinal  per- 
foration and  2  cases  of  threatened  perforation  with  damaged  and 
necrosed  peritoneum.  In  every  case  the  perforation  or  impending 
perforation  was  in  the  ileum. 

In  7  cases  it  was  within  one  foot  of  the  caecum ;  in  4  cases  it  is 
noted  as  close  to  the  caecum ;  in  1  case  two  feet  from  the  caecum ; 
in  1  case  three  feet  from  the  caecum;  in  1  case  four  feet  from  the 
caecum;  in  5  cases  the  site  is  not  recorded;  in  3  cases  it  is  recorded 
to  have  been  the  size  of  a  ^^  pin's  head;"  in  2  cases  the  ^*  size  of  a 
dime;''  in  1  case  the  size  of  a  ^'  split  pea;"  in  1  case  to  have  been 
a  large,  irregular  hole;  in  1  case  two  perforations  close  together, 
near  the  caecum.  In  only  1  case  (Case  15)  was  a  second  perfora- 
tion found  at  the  post-mortem. 

In  Case  14  the  perforated  coil  of  intestine  was  found  situated 
low  down  in  the  pelvis,  and  in  this  case  the  initial  pain  complained 
of  was  referred  to  the  region  of  the  rectum  and  the  bladder. 

The  method  of  closure  of  the  perforation  in  every  case  but  one 
consisted  of  inversion  of  the  hole  with  silk  sutures.  In  1  case 
(Case  11)  the  ulcer  was  resected  by  a  V-shaped  incision.  In  Case 
10  two  rows  of  silk  Lembert  sutures  were  used,  causing  extreme 
inversion  of  the  intestinal  wall.  This  case  died  within  thirty-six 
hours  with  extreme  abdominal  distention  and  obstinate  vomiting. 
At  the  autopsy  it  was  found  that  the  use  of  the  two  rows  of  sutures 
had  reduced  the  lumen  of  the  intestine  to  such  an  extent  that  it 
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only  took  the  tip  of  the  little  finger,  and  that  it  was  obstructed  by 
a  moderate  amount  of  hard  fecal  matter.  It  seems  legitimate  to 
raise  a  query  as  to  whether  this  case  died  from  peritoneal  infection 
or  from  intestinal  obstruction,  from  the  great  inversion  of  the  wall 
of  the  gut. 

In  3  cases,  in  addition  to  suturing  perforations  or  threatened  per- 
forations, additional  suspicious  thin  places  in  the  intestinal  wall  were 
inverted.  This  procedure,  provided  the  condition  of  the  patient 
justifies  the  expenditure  of  the  extra  time,  is  certainly  advisable  in 
all  operations  for  typhoid  perforation.  It  has  been  advocated  by 
Sifton^  and  also  by  Hill  in  a  case  reported  by  Keen.^ 

In  7  cases  out  of  the  21  the  abdominal  incision  was  median;  in  2 
cases  the  incision  is  not  recorded;  in  12  cases  the  primary  incision 
was  in  the  right  iliac  region.  In  only  2  cases  are  counter  openings 
for  irrigation  and  drains  noted.  The  right  iliac  incision  proved 
most  capable  of  allowing  speedy  access  to  the  infecting  lesion.  In 
2  of  the  cases  where  the  median  incision  was  used  it  is  especially 
recorded  that  long  overhauling  of  the  intestines  was  needed  before 
the  perforation  was  found.  In  1  of  the  cases  in  which  the  median 
incision  was  used  the  time  of  operation  is  recorded  as  one  and  a 
half  hours.  Certainly  the  site  of  the  infected  areas  in  this  series 
of  cases  points  to  the  routine  employment  of  a  right  lateral  incision. 

Peritonitis:  Kind,  Amount,  with  the  Bacteriological 

Findings. 

Unfortunately,  the  value  of  this  series  of  cases  is  much  impaired 
by  the  lack  of  bacteriological  data  concerning  the  nature  of  the 
general  infection.  If  this  series  of  cases  furnished  complete  records 
of  a  careful  physical  examination  at  the  appearance  of  the  first 
symptoms  in  every  case,  and  also  complete  bacteriological  evidence 
concerning  the  virulence  of  the  peritonitis  resulting  from  the  initial 
infection,  we  should  be  much  better  equipped  to  arrive  at  some 
definite  statistical  basis  for  establishing  an  approximate  prognosis 
in  such  cases. 

Three  cases,  namely.  Cases  1,  3,  and  7,  operated  on  one  and  a 
half,  three,  and  eight  hours  after  the  sudden  onset  of  the  perfora- 

1  Chicago  Clinical  Review,  vol.  iv.,  p.  368.  -  Loc.  cit. 
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tion,  had  no  visible  macroscopical  signs  of  general  peritonitis. 
Case  1  lived  nearly  a  week,  and  died  from  intestinal  hemorrhage, 
and  the  autopsy  showed  no  general  peritonitis.  Cases  3  and  7  both 
died  within  sixty  hours,  one  with  the  symptoms  of  general  perito- 
nitis and  the  other  without  such  symptoms. 

There  were,  however,  no  bacteriological  studies  of  the  peritoneal 
iufection  in  these  three  cases  at  the  time  of  operation.  Two  of  the 
cases  may  very  probably  have  died  from  a  virulent  infection,  which 
did  not  cause  any  visible  signs. 

Vincent^  experimentally  has  called  attention  to  the  fact  tliat  a 
streptococcus  peritoneal  infection  in  typhoid  is  usually  a  fatal  com- 
plication. Vincent's  studies  have  been  corroborated  by  Flexner 
and  Fraenkel.^  Cushing^  reports  a  case  in  which  operation  was 
done  within  an  hour  or  two  after  perforation,  and  at  the  operation 
no  visible  signs  of  general  peritonitis  were  present.  Cultures  and 
cover-slip  preparations  from  the  fecal  fluid  pouring  out  of  the 
perforation  in  the  intestinal  wall  showed  large  quantities  of  strep- 
tococci, and  the  case  died  of  streptococcus  peritonitis. 

It  is  perfectly  within  reasonable  bounds  to  believe  that  one  or 
more  of  the  supposedly  favorable  cases  in  our  series  may  have 
had  a  streptococcus  infection.  Certainly  we  have  no  evidence  to 
the  contrary. 

Cases  2  and  5  show  a  beginning  general  peritonitis,  as  evidenced 
by  gas  and  serous  fluid  free  in  the  abdominal  cavity,  but  indicated 
no  injection  of  the  peritoneal  coat  of  the  intestines.  Both  of  these 
cases,  so  far  as  the  macroscopical  appearance  went,  seemed  favor- 
able, yet  both  died.  Cultures  taken  in  Case  5  showed  a  pure  in- 
fection of  the  bacillus  typhosus. 

Case  4  had  no  general  peritonitis,  as  has  been  stated.  Case  16 
was  one  of  general  peritonitis  arising  from  the  same  cause  as  in 
Case  2,  namely,  damaged  peritoneum;  yet  in  Case  16  peritonitis 
was  much  more  extensive  macroscopically  than  in  Case  2,  being 
evidenced  by  sero-turbid  fluid  with  fibrin  flakes  and  with  green 
fibrin  patches  on  the  intestines.  Case  16  recovered ;' Case  2  died. 
Although  Case  2  was  a  more  severe  typhoid,  presumably  the  gen- 

1  Annales  de  I'lnstitut  Pasteur,  vol.  vii.  p.  141. 

2  Johns  Hopkins  Hospital  Reports,  1895,  vol.  i. 
8  Philadelphia  Medical  Journal,  March  3, 1900. 

Am  Phys  -  7 
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eral  peritonitis  in  one  case  was  caused  by  a  virulent  infection,  and 
in  the  other  by  a  non-virulent;  yet  no  bacteriological  proof  is  avail- 
able in  either  case. 

General  septic  peritonitis  in  typhoid  arising  from  threatened  in- 
testinal perforation  from  the  necrosed  and  damaged  areas  of  perito- 
neum over  the  base  of  ulcers  must  be  accepted  as  a  not  very  uncom- 
mon occurrence.     J.  F.  R.  Gairdner^  has  reported  5  such  cases. 

To  sum  up  in  regard  to  our  first  class  of  cases,  namely,  7  with 
sudden  onset  of  symptoms,  3  had  no  general  peritonitis  evident  to 
the  eye;  1  case  had  limiting  adhesions  around  the  perforation,  with 
no  general  peritonitis;  2  cases  had  slight  evidence  of  general  perito- 
nitis. These  are  all  of  them  the  most  favorable  cases  for  operation, 
for  it  must  be  said  of  them  that  operation  was  actually  directed 
against  the  infecting  cause  and  not  against  the  resulting  general 
infection. 

The  bacteriology  was  studied  in  only  one  of  these  cases,  and  in 
this  one  a  pure  culture  of  the  typhoid  bacillus  was  found. 

It  is  a  fact  that  the  typhoid  bacillus  has  been  v6ry  rarely  found 
in  the  peritonitis  of  typhoid  fever,  possibly  because,  through  delayed 
operation,  cultures  have  not  been  taken  until  the  typhoid  bacillus 
was  overgrown. 

It  is  possible,  and  probable,  that  the  others  of  these  early  and 
seemingly  favorable  cases  for  operation  may  have  had  a  general 
virulent  infection  either  with  typhoid  bacilli  or  streptococci.  It 
is  past  controversy  that  fatal  peritoneal  infection  can  have  taken 
place  without  causing  visible  macroscopical  signs  at  operation  or 
autopsy.  Of  the  14  cases  of  gradual  onset  or  with  early  warning 
symptoms,  in  every  one  visible  peritonitis  was  found  at  operation, 
and  in  the  majority  of  cases  it  was  evidently  of  comparatively  long 
standing. 

Comparing  the  two  sets  of  cases,  namely,  the  7  cases  with  sudden 
onset  and  the  14  with  gradual  onset,  we  find  that  in  operations  done 
on  the  cases  of  sudden  perforation  within  one  to  eight  hours  after 
the  first  symptoms  there  was  found  no  general  peritonitis,  but  at 
most  a  very  slight  beginning  peritonitis;  but  operation  done  on 
those  of  gradual  onset,  within  one  to  eight  hours  after  the  severe 

1  Glasgow  Medical  Journal,  vol.  xlvii.  p.  97. 
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or  diagnostic  symptoms,  found  extensive  general  peritonitis— so  ex- 
tensive that  in  several  cases  the  operator  noted  that  this  peritonitis 
must  have  existed  many  hours  longer  than  the  symptoms  would 
lead  one  to  suppose.  The  conclusion  is  plain  that  in  these  cases 
the  perforation  or  the  beginning  peritoneal  infection  took  place  at  a 
time  more  or  less  remote  from  the  severe  and  diagnostic  symptoms. 

These  14  cases  are  cases  of  operation  for  general  peritonitis  v/hich 
had  existed  for  a  longer  or  shorter  time — in  1  case  originating  in 
a  ruptured  mesenteric  gland;  in  another,  threatened  perforation; 
in  one  from  an  unknown  cause;  in  11  from  intestinal  perforation. 

The  prevailing  type  of  peritonitis  noted  was  the  seropurulent, 
with  fibrin  flakes  in  the  turbid  fluid  and  adherent  fibrin  patches  on 
the  intestine.  Nine  cases  are  noted  that  had  feces  or  fluid  fecal 
matter  in  the  intestinal  cavity  or  fluid  with  a  fecal  odor.  All  of 
these  cases  were  intestinal  perforations.  Two  cases  of  intestinal 
perforation  note  a  cloudy  turbid  fluid  without  fecal  odor. 

Case  21  was  a  case  of  general  seropurulent  peritonitis  originating 
in  a  ruptured  mesenteric  gland.  Cultures  showed  this  to  be  a  pure 
infection  of  bacillus  typhosus.  In  Case  17  punctate  hemorrhages 
on  the  intestinal  wall  are  noted,  and  brownish  fluid  in  the  perito- 
neal cavity  without  odor. 

It  is  greatly  to  be  regretted  that  in  only  4  of  these  14  cases  were 
any  bacterial  cultures  taken,  and  in  certain  of  these  the  question 
arises  as  to  their  value,  because  of  our  incomplete  knowledge  as  to 
how  they  were  taken  and  because  of  incomplete  reports  of  the  dif- 
ferentiation of  the  s^arious  bacteria  found.  Flexner^  and  Cushing^ 
dwell  upon  the  necessity  of  making  cover-slip  preparations  as  well 
as  plate  cultures  at  the  operation  from  the  abdominal  contents  in 
cases  of  peritonitis,  because  of  the  well-known  fact  that  the  bacillus 
coli  communis  overgrows  the  other  organisms  in  the  mixed  infec- 
tion. Cushing  says:  ^^Undoubtedly  the  colon  bacilli,  being  more 
in  evidence,  were  frequently  held  responsible  for  peritoneal  infec- 
tion due  to  more  virulent  but  culturally  less  active  organisms.'^ 

Case  14  is  recorded  as  showing  an  infection  with  colon  bacilli 
and  ^^  other  varieties  of  bacteria.''  Case  20  is  recorded  as  having 
turbid  peritoneal  fluid  with  fibrin  flakes,  infection  with  colon  bacilli. 

1  Loc.  cit.  *  Loc.  cit. 
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Case  21,  resulting  from  a  ruptured  mesenteric  gland,  gave  a  pure 
culture  of  bacillus  typhosus.  Case  15  is  reported  to  have  been  a 
specially  foul-appearing  general  peritonitis,  in  which  the  infection 
was  colon  bacilli,  and  ^'  many  others  not  differentiated.''  The  2 
cases  (Cases  5  and  21)  in  which  the  peritonitis  was  found  to  be  due 
to  a  pure  infection  of  bacillus  typhosus  died — one  within  twelve 
hours  and  one  on  the  fourth  day. 

The  finding  of  the  bacillus  typhosus  as  the  infecting  organism  in 
cases  of  peritonitis  is  exceedingly  rare.  At  most,  but  five  cases, 
including  the  two  cases  reported  in  this  series,  have  been  published. 
It  may  be  suspected,  reasoning  from  the  evidence  furnished  by  Case 
5  and  Case  21,  that  when  it  does  occur  it  is  probably  virulent  and 
fatal. 

Diagnosis. 

The  diagnosis  of  the  peritoneal  infection  within  a  sufficiently 
reasonable  time  from  its  beginning  is  a  question  of  the  greatest 
importance  to  physicians  and  surgeons.  So  far,  our  study  of  these 
cases  has  shown  us  that  the  diagnosis  in  14  cases  out  of  24  was 
apparently  made  later  than  it  might  have  been,  and  in  7  cases 
only  once  was  it  made  as  soon  as  possible,  and  that  in  3  cases  a 
mistaken  diagnosis  was  made. 

It  seems  fair  to  suppose  that  the  majority  of  cases  of  intestinal 
perforation  present  a  slow  intestinal  infection  or  a  gradual  onset, 
or  that  actual  perforation  may  take  place  without  fulminating  symp- 
toms. Cushing  has  referred  to  what  he  calls  a  ^'  pre-perforative 
stage''  or  a  ^^  pre-extravasation  stage,"  and  has  attributed  the 
early  complaints  of  pain  to  a  slight  involvement  of  the  serosa  and 
possibly  to  omental  adhesions.  He  understands  by  his  ^^  pre-per- 
forative stage"  the  ^^  whole  period  between  the  first  involvement 
of  the  serosa,  with  the  formation  of  customary  adhesions  at  this 
point,  until  these  adhesions  (which  may  for  a  time  constitute  the 
floor  of  the  ulcer  after  the  serosa  has  given  way)  have  themselves 
become  broken  down,  and  general  peritonitis  has  taken  place." 
This  condition  of  things  is  well  illustrated  in  our  Case  No.  4,  which 
is  a  typical  case  of  pre-extravasation,  because  of  delicate  protecting 
adhesions. 

It  would  seem,  however,  from  a  study  of  our  cases,  that  the 
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formation  of  protecting  adhesions  in  perforation  or  threatened  per- 
foration of  the  ileum  is  exceedingly  rare.  Monad  and  Van  Verts^ 
state  that  in  their  study  of  this  condition,  adhesions,  however  slight, 
almost  never  occur  when  the  perforation  is  situated  in  the  ileum ; 
and  they  further  state  that  peritoneal  infection  is  not  always  a  rapid 
fulminating  affair;  that  it  may  occur  slowly  from  what  they  call 
^' propagation '^ — that  is,  migration  of  the  bacteria  through  the 
necrosed  and  damaged  intestinal  coats,  and  that  this  form  of  infec- 
tion is  no  less  worthy  of  consideration  than  the  rapid  infection  from 
sudden  intestinal  rupture  and  extravasation  of  intestinal  contents. 

Intestinal  ulcers  certainly  may  have  a  pre- perforative  stage,  and 
by  this  we  mean  a  stage  of  local  peritoneal  infection  and  bacterial 
involvement  of  the  peritoneal  coat — whether  or  not  adhesions  exist. 
This  local  infection  may  cause  general  infection  without  adhesion 
formation  and  without  perforation.  The  pre-extravasation  stage 
properly  means  a  period  of  time  after  local  peritonitis  has  taken 
place  in  which  there  is  no  extravasation  of  intestinal  contents,  either 
because  of  the  necrosed  portion  of  the  intestinal  wall  remaining  in 
place  without  dropping  out,  as  in  Case  16  or  in  Case  2  of  our  series, 
or  because  of  adhesions,  as  in  Case  4  of  our  series.  Local  infection 
of  the  peritoneum  causes  pain  of  greater  or  less  severity.  This  pain 
may  not  be  appreciated  and  complained  of  in  very  sick  and  stupid 
typhoids,  but  in  mild  cases  may  be  just  as  prominent  a  feature  as 
the  pain  from  the  local  peritoneal  infection  of  appendicitis  before 
perforation  has  taken  place. 

Our  series  of  cases  shows  that  this  early  pain  was  absent  in  only 
7  cases  out  of  21 ;  5  of  these  7  cases  were  mild  cases,  in  which 
sudden  rupture  of  the  serosa  and  extravasation  took  place;  2  cases 
with  equally  sudden  symptoms  had  a  septic  peritonitis  already 
under  way,  which  cases  were  so  sick  and  stupid  that  it  was  impos- 
sible to  diagnose  the  beginning  of  the  general  infection. 

Fourteen  cases,  as  has  been  seen,  had  early  warning  pain,  earlier 
by  a  definite  number  of  hours  than  the  severe  symptoms,  and  all 
these  cases  were  found  to  be  far  advanced  in  general  peritonitis  at 
the  time  of  operation.  These  early  symptoms  undoubtedly  meant 
beginning  peritoneal  infection,  as  is  shown  by  the  after  develop- 

1  Revue  de  Chirurgie,  1897,  p.  169. 
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ment,  and  the  severe  symptoms  meant  general  septic  peritonitis 
then  existing.  Whether  these  early  symptoms  meant  a  necrosed 
serosa  without  perforation,  or  a  pin-point  perforation  protected  or 
not  protected  by  delicate  adhesions,  it  is  positive  that  general  septic 
peritoneal  infection  started  at  a  time  coincident  with  these  early 
symptoms  and  not  coincident  with  these  severe  ones. 

It  must  be  admitted  that  these  14  cases  had  advanced  general 
peritonitis  at  the  time  of  operation;  that  they  had  signs  and  symp- 
toms antedating  the  symptoms  of  peritonitis;  that  the  severe 
symptoms  in  the  cases  of  actual  perforation  differed  in  no  way 
from  the  severe  symptoms  in  the  cases  of  general  peritonitis  from 
other  causes  of  infection;  and  if  this  statement  is  true,  then  the 
diagnosis  of  these  cases  should  have  been  made  before  these  severe 
symptoms  set  in,  and,  therefore,  a  decision  as  to  what  symptoms  are 
of  importance  in  making  a  sufficiently  early  diagnosis  of  peritoneal 
infection  in  these  cases  is  of  the  utmost  necessity. 

From  a  study  of  these  cases  and  also  of  the  cases  reported  by 
Gushing  it  would  seem  that  complaints  of  abdominal  pain  in  any 
typhoid  case,  especially  if  localized,  and  especially  in  cases  of  mild 
type,  should  be  regarded  as  serious  danger  signals.  We  have 
already  seen  that  in  our  sick  and  septic  cases  the  condition  of  the 
patient  may  be  such  that  moderate  pain  may  not  be  noted,  and  that 
therefore  a  complaint  of  abdominal  pain  on  the  part  of  such  a  sick 
case  may  mean  an  established  general  peritonitis.  (See  Cases  2 
and  6.)  s 

In  the  mild  cases  of  typhoid  complaint  of  abdominal  pain  should 
lead  to  a  strong  suspicion  of  beginning  peritoneal  infection  through 
a  pre-perforative  stage,  or  of  a  slow  peritoneal  infection  through 
perforation,  with  or  without  temporary  adhesions;  or  of  a  begin- 
ning infection  from  some  other  source  than  the  intestine,  as  in 
Case  21.  This  plan  may  vary  in  severity  and  locality.  It  is  most 
frequent  in  the  right  iliac  region,  and  is  most  often  associated  with 
localized  tenderness  and  spasm.  To  confirm  the  suspicion  of  be- 
ginning peritoneal  infection  a  leucocytosis,  steadily  rising,  during 
a  few  hourly  counts,  at  least,  should  accompany  this  pain.  Vom- 
iting is  rare.     The  temperature  generally  rises  and  the  pulse  also. 

It  cannot  be  too  strongly  emphasized  that  abdominal  pain,  espe- 
cially if  localized,  complained  of   by  the  patient  in  the  mild  or 
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moderately  severe  typhoids,  is  not  a  frequent  occurrence  unless  it 
means  peritoneal  infection,  localized  or  general.  By  pain  we  do 
not  mean  the  discomfort  or  uneasiness  accompanying  meteorism  or 
distention  by  gas. 

We  have  made  a  study,  bearing  upon  this  point,  of  70  cases  of 
typhoid  fever  at  the  Massachusetts  General  Hospital  occurring  in 
the  last  two  years,  and  have  found,  according  to  the  records,  that  in 
the  majority  of  cases  of  the  mild  and  moderately  severe  typhoid  no 
genuine  abdominal  pain  whatever  was  complained  of,  even  in  the 
presence  of  distention,  diarrhoea,  and  hemorrhage.  Sev^enty  cases: 
20  severe  typhoids  and  50  mild;  7  cases  died.  In  only  8  cases 
was  any  abdominal  pain  recorded  as  a  complaint  (11.4  per  cent.), 
and  4  of  these  cases  died  (1  case  with  probable  certain  perforation 
or  peritonitis,  1  of  pneumonia,  and  2  cases  with  suspicious  symp- 
toms of  peritonitis).  The  other  4  cases  had  slight  and  transient 
abdominal  pain,  and  recovered.  Abdominal  distention  of  more  or 
less  extent  was  noted  in  10  cases,  without  any  pain.  Intestinal 
hemorrhages  are  noted  in  8  cases,  but  pain  accompanied  these  in 
only  1  case.  Diarrhoea  is  recorded  as  marked  in  3  cases,  but  in 
only  1  was  any  pain,  and  in  this  slight. 

With  reference  to  this  same  point  the  records  of  the  Boston  City 
Hospital  have  been  gone  over  for  a  year.  Pain  is  recorded  as  com- 
plained of  in  22  cases  out  of  a  total  of  160  cases;  of  these  22  cases 
5  are  included  among  those  operated  on,  which  leaves  17  cases  with 
pain,  or  about  10.6  per  cent,  of  the  total. 

Localized  muscular  spasm  and  localized  tenderness  are  diagnostic 
signs  of  the  utmost  importance  associated  with  pain  and  leucocytosis. 

The  question  as  to  whether  the  site  of  the  perforation  or  the  region 
of  the  beginning  peritoneal  infection  materially  affects  the  prognosis 
both  of  unoperated  and  operated  cases  is  one  that  needs  discussion. 
The  fact  that  the  appendix  may  be  the  seat  of  the  typhoid  perfora- 
tion was  first  noted  by  Dr.  R.  H.  Fitz,  and  the  relation  of  this  fact 
to  the  prognosis  in  cases  of  typhoid  perforation  was  thus  stated  by 
him:  ^*  The  probability  of  its  occurrence  (perforative  appendicitis) 
furnishes  the  best  solution  to  the  prognosis  of  intestinal  perforation 
in  the  latter  disease  (typhoid  fever).  Most  cases  of  recovery  from 
symptoms  of  perforation  of  the  bowel  in  typhoid  fever  are  those  in 
which  an  attack  of  appendicitis  is  most  closely  simulated,  while  the 
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fatal  cases  of  perforation  of  the  bowel  in  typhoid  fever  are,  in  the 
great  majority  of  instances,  those  in  which  other  parts  of  the  bowel 
than  the  appendix  are  the  seat  of  the  perforation. '^ 

This  set  of  cases  does  not  furnish  any  case  in  which  the  perfora- 
tion was  appendicular.  Fitz  found  this  variety  of  perforation  in  2 
per  cent,  of  167  cases.  In  a  series  of  cases  operated  upon — i.  6., 
our  own  set,  24;  Gushing' s,  8;  and  Finney's,  3;  35  in  all — no 
instance  occurs.  Gairdner's^  47  cases  included  only  one  of  perfo- 
rated appendix.  Perforation  in  the  appendix  can  only  have  a  more 
favorable  prognosis  because  of  its  occurrence  in  a  fixed  portion  of 
the  bowel  in  a  remote  region  where  the  chances  of  the  peritoneal 
infection  being  shut  up  by  protecting  and  life-saving  adhesions  are 
greater. 

It  is  certainly  misleading  to  state  that  most  cases  of  recovery 
from  symptoms  of  perforation  are  those  in  which  an  attack  of 
appendicitis  is  closely  simulated  because — as  can  be  plainly  seen 
from  a  study  of  our  list  of  cases — many  of  them  had  beginning 
symptoms  which  suggested  appendicitis,  and  yet  the  perforation 
was  in  the  ileum,  and  the  peritoneal  infection  became  general  and 
fatal.  It  is  imperative  that  we  should  not  be  prevailed  upon  to 
wait  operation  in  the  hope  that  the  perforation  may  be  in  the 
appendix,  considering  that  the  chance  of  localizing  the  infection 
by  delay  offers  more  hope  to  the  patient  than  speedy  operation, 
because  the  attack  began  with  right  iliac  pain  and  tenderness  and 
muscular  spasm.  The  better  teaching  is  that  perforation  of  the 
appendix  may  occur  in  typhoid,  although  rarely;  that  wheu  it 
does  occur  the  infection  may  be  localized,  as  in  any  case  of  perfo- 
rating appendicitis;  but  the  great  majority  of  cases  of  perforation 
of  the  bowel  in  typhoid  fever  may  simulate  an  acute  appendicitis. 

A  study  of  our  whole  list  of  27  cases  shows  the  following:  Eleven 
cases  had  initial  symptoms  referred  to  the  right  iliac  region,  with 
one  or  more  of  the  symptoms  of  localized  pain,  tenderness  and 
spasm.  Any  one  of  these  cases  might  have  been  suspected  as  the 
appendicular  variety,  and  delay  counselled  because  of  the  apparent 
localization  of  the  signs;  but  9  cases  were  perforations  of  the  ileum, 
followed  in  all  but  one  by  general  infection,  and  2  had  no  cause  for 
symptoms. 

1  Loc.  cit. 
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In  only  3  cases  pain  and  tenderness,  etc.,  were  initial  in  the  left 
iliac  region.  One  was  a  case  of  general  peritonitis  from  a  suppu- 
rating gland,  and  the  other  two  cases  were  very  sick  cases,  in  which 
the  peritonitis  had  become  extensive  and  general  before  any  symp- 
toms were  noted.  In  7  cases  the  pain  and  tenderness  with  rigidity 
were  general.     In  1  case  locality  of  pain  is  not  given. 

Therefore,  we  may  conclude  that  the  majority  of  cases  of  per- 
foration have  initial  symptoms  referred  to  the  right  iliac  region; 
that  in  a  very  small  percentage  of  all  such  cases  is  the  perforation 
in  the  appendix;  that  general  abdominal  pain  and  symptoms,  or 
symptoms  and  signs  referred  to  the  left  side  point  to  the  existence 
of  a  general  peritonitis,  the  onset  of  which  has  been  gradual  and 
not  definitely  noted. 

Leucocytosis  as  a  Diagnostic  Symptom. 

A  careful  comparative  white  blood-count  at  frequent  intervals  in 
the  presence  of  abdominal  pain  in  typhoid  may  furnish  the  most 
valuable  evidence  of  beginning  peritoneal  infection.  A  full  and 
complete  knowledge  of  leucocytosis  in  typhoid  peritonitis  has  not 
been  reached.  Thayer,  in  1892,  first  showed  that  in  typhoid  fever 
the  white  blood-corpuscles  are  less  than  normal,  or,  in  other  words, 
that  a  condition  of  hypoleucocytosis  exists,  and  that  the  smallest 
number  of  leucocytes  is  usually  found  at  a  period  of  time  corre- 
sponding to  the  height  of  the  fever.  Cabot,  in  1897,  reiterated 
these  facts  and  pointed  out  that  a  low  leucocyte  count  in  typhoid 
meant  freedom  from  septic  complications.  Our  study  of  70 
typhoid  cases  at  the  Massachusetts  General  Hospital  is  merely  cor- 
roborative of  the  statements  of  Cabot  and  Thayer.  The  majority 
of  cases  at  entrance  had  a  hypoleucocytosis  of  about  4000;  the 
lowest  count  in  an  uncomplicated  case  was  1800.  Septic  compli- 
cations, as  phlebitis  and  otitis  media,  caused  a  leucocytosis.  In 
nearly  all  the  cases,  however,  only  one  white  count — the  one  at 
entrance — is  recorded;  and  even  when  this  early  count  was  high — 
over  9000 — no  other  record  is  available.  Certainly  more  frequent 
counts  should  be  made  in  the  future.  The  fact  that  leucocytosis 
in  typhoid  means  inflammatory  complications  in  the  majority  of 
instances,  and  that  leucocytosis  was  present  in  peritoneal  infection, 
was  noted  by  Cabot  (1897);  and  Finney,  in  his  paper  on  "  Typhoid 
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Perforation^'  (1897),  considered  the  most  important  symptoms  of 
perforating  typhoid  ulcer  to  be  ^^  marked  increase  in  the  number 
of  white  blood-corpuscles  in  association  with  continued  abdominal 
pain/*^  It  does  not  appear  that  a  full  realization  of  the  importance 
of  a  falling  leucocyte  count  or  the  absence  of  leucocytosis  in  general 
peritoneal  infection  is  held  by  a  majority  of  medical  men. 

Cabot  stated  that  certain  cases  of  general  peritonitis  would  show 
no  leucocytosis  because  of  their  being  too  sick  to  react  against  the 
infection. 

Cashing,  in  his  two  papers  on  this  subject,  seems  to  have  most 
carefully  studied  leucocytosis  as  a  symptom,  and  his  work  strongly 
suggests  that  a  white  blood-count,  steadily  rising  from  the  first  com- 
plaint of  abdominal  pain  (which  is  confessedly  the  first  warning  of 
local  or  general  infection),  with  certain  fluctuations,  reaches  a  maxi- 
mum point,  and  then  as  steadily  falls.  This  he  aptly  calls  the  wave 
of  leucocytosis,  and  raises  the  question  as  to  whether  a  falling  count 
or  an  absence  of  leucocytosis  (other  symptoms  being  present)  may 
not  be  diagnostic  of  a  well-established  general  septic  peritonitis. 
He  considered  it  rational  to  suppose  that  the  enormous  migration 
of  leucocytes  to  enter  into  the  seropurulent  exudation  was  a  suffi- 
cient reason  for  the  falling  or  deficient  white  blood-count  in  general 
peritonitis.  This  point  is  a  very  important  one  to  settle,  for  diag- 
nostic reasons.  Cushing's  conclusions,  from  a  careful  study  of 
leucocytosis  in  his  cases,  are  here  given  :  ^^  If  this  septic  compli- 
cation, namely,  complication  causing  leucocytosis,  is  a  peritonitis 
which  remains  localized,  associated  possibly  with  a  pre-perforativ^e 
stage  of  ulceration  or  with  a  circumscribed,  slowly  forming  peri- 
tonitis after  a  perforation,  it  may  be  and  usually  is  signalized  by 
an  increase  of  leucocytes  in  the  peripheral  circulation.  If,  how- 
ever, a  general  septic  peritonitis  follows,  the  leucocytosis  may  be 
transitory  and  overlooked,  as  it  disappears  concomitantly  with  the 
great  outpouring  of  leucocytes  into  the  general  peritoneal  cavity. 

*^  In  order  that  the  white  blood-count  be  of  any  diagnostic  value 
whatever  in  the  presence  of  abdominal  symptoms  it  is  essential  that, 
for  the  purpose  of  comparison,  previous  counts  have  been  made. 
An  individual  count  at  such  a  critical  time  may  be  misleading — in 
the  first  place,  because  a  condition  of  hypoleucocytosis  often  is  a 
characteristic  of  the  fever,  and  a  count  comparatively  within  normal 
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limits,  of  from  8000  to  10,000,  may  actually  represent  a  double 
increase  in  the  number.  Secondly,  because  by  a  single  count  the 
transient  wave  of  leucocytosis  may  entirely  escape  notice. 

*^  The  flood-tide  of  this  increase  is  a  transient  affair,  lasting  but 
a  few  hours  in  some  cases,  and  may  in  consequence  entirely  escape 
observation,  since  there  ordinarily  is  a  following  rapid  diminution 
in  number,  corresponding  to  the  spread  of  pmtoneal  infection.  In 
some  instances,  when  the  process  for  the  time  remains  localized,  and 
in  cases  in  which  the  pre-perforative  stage  exists,  the  leucocytosis 
may  be  of  longer  duration,  the  condition  being  analogous  to  that 
associated  with  acute  appendicitis  (typhoidal  or  otherwise)  before 
perforative  peritonitis  has  occurred.  Suppurative  complications  of 
typhoid,  here  or  in  other  situations  where  they  remain  localized 
processes,  have  ordinarily  a  persisting  leucocytosis,  as  is  well 
known." 

These  conclusions  of  Gushing  are  re-enforced  by  careful  observa- 
tions, and  seem  to  give  the  best  interpretation  of  leucocytosis  in 
this  class  of  cases.  Whether  absence  of  leucocytosis  in  the  face  of 
symptoms  of  peritonitis  means  well-advanced  general  peritonitis 
in  every  case  has  not  been  proven  absolutely.  Certainly  one  sure 
thing  is  that  a  single  isolated  blood-count  on  the  appearance  of 
abdominal  symptoms  may  be  of  little  or  no  value.  In  one  of 
Cushing's  cases  of  perforation  an  hourly  blood-count  showed  that 
the  white  corpuscles  rose  in  two  hours  from  4800  to  10,400,  and 
in  an  hour  and  a  half  later  dropped  to  7000.  In  another  of  Cush- 
ing's cases  of  intestinal  perforation  a  drop  of  20,000  in  three  hours 
after  the  probable  time  of  perforation  is  noted.  The  appearance  of 
leucocytosis  in  the  presence  of  abdominal  pain  may,  however,  be 
misleading  as  a  diagnostic  symptom  of  peritoneal  infection. 

As  is  well  known,  the  existence  of  a  septic  focus,  an  abscess,  or  a 
septic  phlebitis  elsewhere  might  furnish  cause  for  the  leucocytosis 
coincident  with  abdominal  symptoms.  One  or  more  cases  have 
been  reported  in  which  the  symptoms  of  peritoneal  infection,  in- 
cluding leucocytosis,  led  to  an  exploratory  laparotomy,  with  nega- 
tive findings.  Cushing  has  had  such  a  case.  Case  23  in  our  series 
is  also  such  a  one.  Finney  has  been  led  to  an  exploratory  lapar- 
otomy in  which  the  symptoms  suggesting  intestinal  perforation  in- 
cluding a  leucocytosis  were  probably  due  to  an  iliac  thrombophle- 
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bitis.  This  case  recovered.  It  has  been  found  by  Gushing  that  a 
post-operative  leacocytosis  occurs  after  all  abdominal  operations. 

With  these  facts  and  theories  in  mind  as  representing  the  latest 
opinions  in  regard  to  leucocytosis  as  a  symptom,  reference  to  our 
series  of  cases  with  a  view  to  find  corroboration  of  these  facts  fur- 
nishes very  little  of  value  because  of  the  lack  of  comparative  counts. 
In  almost  all  of  the  cases  only  one  blood-count  was  made. 

To  take  our  cases  in  detail,  the  leucocyte  count  is  only  recorded 
in  11  cases  of  the  21  in  which  perforation  or  peritonitis  was  found. 
In  the  first  set  of  cases,  namely,  those  without  warning  symptoms, 
the  leucocyte  count  is  recorded  in  4  cases.  In  Case  4  (the  case  of 
perforation  protected  by  local  adhesions)  a  leucocytosis  of  14,300 
was  found  at  an  unknown  number  of  hours  after  the  onset  of  ab- 
dominal symptoms.  No  other  count  is  recorded.  In  Case  5  one 
count  at  the  onset  of  symptoms  showed  6000;  no  other  count.  Case 
6  showed  a  leucocytosis  of  13,200.  This  case  was  one  in  which 
perforation  and  localized  abscess  formation  took  place  without  any 
diagnostic  symptoms  at  a  time  probably  remotely  preceding  the 
severe  symptoms  which  demanded  operation.  Occasional  compar- 
ative leucocyte  counts  as  a  matter  of  medical  routine  might  have 
led  to  the  suspicion  of  a  septic  complication.  Case  7  showed  a 
white  count  of  8600  at  the  onset  of  the  symptoms;  no  other  count 
is  recorded.  The  other  3  cases  of  our  first  set  have  no  record  of 
any  leucocyte  count. 

Taking  our  second  set  of  cases,  namely,  the  14  in  which  pre- 
monitory symptoms  existed,  as  we  have  seen,  it  would  have  been 
of  the  greatest  importance  diagnostically  to  have  known  what  the 
white  blood-count  had  been  for  several  days  before  the  symptoms, 
and  also  to  have  known  what  the  white  blood-count  at  early  inter- 
vals after  the  occurrence  of  abdominal  pain  was;  yet  in  only  two 
cases  was  there  any  leucocyte  count  taken  at  this  time,  and  then 
only  one  isolated  count  in  each  case  is  recorded. 

Case  16  had  a  white  blood-count  of  6900  two  days  before  he 
complained  of  abdominal  pain.  At  the  first  complaint  of  pain  a 
count  of  8000.  Then  no  further  leucocyte  count  was  taken  for 
twenty  four  hours;  but  when  severe  symptoms  (which  meant  gen- 
eral peritonitis)  set  in  a  white  count  equalled  17,200.  Certainly 
in  this  case  frequent  and  comparative  blood-counts  might  have  con- 
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tributed  much  to  our  knowledge  of  a  rising  and  falling  count.  Case 
15,  seen  after  the  warning  complaint  of  pain,  had  a  white  blood- 
count  of  31,000.  Twenty-four  hours  after,  when  general  peritonitis 
had  set  in,  the  white  count  had  dropped  to  23,000  and  17,000. 
Only  these  three  counts  are  recorded. 

It  is  much  to  be  regretted  that  in  this  series  of  cases  in  which  14 
had  premonitory  symptoms,  such  slight  knowledge  in  regard  to  the 
diagnostic  value  of  the  white  blood-count  is  available.  In  Case  14 
the  blood-count  at  the  time  of  the  first  abdominal  symptoms  showed 
10,000  whites,  but  no  other  count  was  taken.  Six  cases  of  the  14 
record  no  blood-count  at  the  occurrence  of  either  mild  or  severe 
symptoms.  In  6  cases  the  only  blood-count  was  made  when  severe 
symptoms  appeared.  In  Case  12,  a  case  of  extensive  peritonitis  at 
operation,  the  white  cells  were  3800.  In  Case  13,  also  a  case  of 
extensive  peritonitis,  the  white  cells  were  5400.  In  Case  8,  also  a 
case  of  general  peritonitis,  the  white  cells  were  7300.  In  Case  2 
they  were  8000  just  before  operation. 

Here  are  four  cases  in  which  an  isolated  blood-count,  taken  when 
peritonitis  had  become  general,  showed  no  leucocytosis.  Whether 
a  previous  leucocytosis  had  existed,  and  whether  the  absence  of 
leucocytosis  in  the  presence  of  general  peritonitis  is  a  diagnostic 
sign,  cannot  be  determined  because  of  the  absence  of  comparative 
counts  in  all  of  these  cases. 

Case  9  had  a  leucocytosis  of  16,000  after  general  peritonitis  was 
evident.  Ten  days  before  the  count  was  14,000.  No  interval 
counts  are  recorded. 

Case  10  had  a  white  count  of  14,000,  with  the  symptoms  of  gen- 
eral peritonitis.  At  entrance  to  the  hospital,  ten  days  before,  his 
white  count  was  6500.     No  other  counts  are  noted. 

It  is  not  possible  to  establish  anything  new  and  valuable  in  regard 
to  leucocytosis  as  a  symptom  from  the  study  of  these  cases,  because 
of  the  lack  of  sufficient  data.  The  one  conclusion  is  that  the  leuco- 
cyte counts  in  typhoid  cases  should  be  sufficiently  frequent  to  be  of 
comparative  value;  that  any  complaint  of  abdominal  pain  or  the 
appearance  of  abdominal  symptoms  demand  frequent  counts. 

The  question  of  diagnosis  and  the  relative  value  of  abdominal 
symptoms  and  leucocytosis  as  deciding  for  operation  is  illustrated 
in  a  negative  way  in  Cases  22,  23,  and  24.     Cases  22  and  23  were 
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mild  or  moderately  severe  typhoids,  practically  convalescent  in  the 
fourth  and  sixth  weeks  of  the  disease.  Case  22  had  no  leucocyte 
count,  and  it  seems  questionable  whether  it  would  be  justifiable  to 
operate  upon  a  case  with  such  abdominal  symptoms  without  the 
corroborative  evidence  of  a  leucocyte  count.  It  has  been  done, 
however,  in  other  cases  (the  case  reported  by  Herrington  and 
Bowlby^).  Case  23  had  practically  the  same  abdominal  signs  and 
symptoms  as  Case  22,  except  that  there  is  no  record  of  the  tem- 
perature at  this  time,  which  in  Case  22  was  rising  from  a  normal 
curve,  and  Case  23  had  also  a  leucocytosis  of  12,000  one  hour 
before  the  operation.  While  this  leucocytosis  is  not  large,  the  white 
count  had  risen  from  9000  twelve  hours  before  the  operation. 
Neither  of  these  two  cases  seems  to  have  been  very  sick  or  to  have 
had  any  great  amount  of  shock.  Case  24  seems  to  have  been  a  case 
of  typhoid  septicaemia,  in  which  no  certain  cause  for  the  abdominal 
symptoms  was  found.  No  leucocyte  count  and  no  bacteriological 
cultures  are  recorded  in  this  case.  Probably  it  died  from  typhoid 
fever,  although  the  presence  of  a  green,  necrotic  fibrin  patch  found 
on  a  loop  of  the  intestines  at  the  operation  leaves  room  for  the 
thought  that  the  abdominal  symptoms  and  death  may  have  been 
caused  by  a  virulent  peritoneal  infection. 

Results. 

Of  the  21  cases  in  which  the  local  or  general  peritoneal  infection 
was  found  at  operation  3  cases  recovered  absolutely — that  is,  14.3 
per  cent,  recovered.  In  Case  4 — a  case  of  operation  in  the  pre- 
extravasation  stage — it  is  noted  by  Dr.  F.  S.  Watson  that  the  pro- 
tecting adhesions  were  very  slight  and  delicate,  and  that  in  Dr. 
Watson's  opinion  they  would  not  have  long  resisted  fecal  extrava- 
sation. 

The  two  other  cases  which  completely  recovered  are  Cases  16 
and  17,  both  cases  of  general  septic  peritonitis.  Together  with 
Abbe's^  case  they  prove  that  it  is  not  impossible  to  save  cases  of 
general  peritonitis  in  typhoid  fever.  The  bacterial  infection,  how- 
ever, in  both  of  these  cases,  as  well  as  in  the  case  of  Abbe's,  was  not 
determined. 

1  Medico-Chirurgical  Transactions,  London,  vol.  Ixxx.  p.  127. 

2  Medical  Record,  1895,  vol.  xlvii.  p.  1. 
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Case  1  properly  should  be  classed  as  a  recovery  from  an  opera- 
tion for  intestinal  perforation  in  typhoid,  for  death  occurred  from 
intestinal  hemorrhage  five  days  after  the  operation,  and  the  autopsy 
showed  the  suture  tight  and  no  general  peritonitis.  If  this  case  can 
be  classed  as  a  recovery  we  have  four  recoveries  from  operation  from 
acute  peritoneal  infection  in  typhoid,  or  19  per  cent. 

Case  9  cannot  be  considered  as  recovering,  but  it  is  a  case  of 
death  caused  by  giving  way  of  the  intestinal  sutures  put  in  at  the 
first  operation. 

Taking  our  24  cases  of  typhoid  fever  which  were  operated  on,  21 
with  abdominal  infection  and  3  with  no  infection  found  at  opera- 
tion, we  have  6  cases  of  recovery  from  laparotomy  in  typhoid  fever, 
or  25  per  cent. 

Cases  22  and  23  are  noteworthy  as  showing  that  the  mere  abdom- 
inal operation  in  a  slight  or  moderately  severe  typhoid  is  not  a  very 
fatal  thing  when  no  peritoneal  infection  is  present.  Case  23  was 
also  not  a  very  favorable  subject  for  any  operation,  because  of  car- 
diac and  renal  complications,  yet  both  these  cases  made  uneventful 
recoveries  from  the  operation.  In  Case  22  an  appendectomy  was 
done  for  an  old,  chronic  process  in  the  appendix.  In  Case  23  the 
operation  was  simply  exploratory.  Two  of  Cuahing's  reported  cases 
further  show  that  an  exploratory  laparotomy  or  a  simple  appendec- 
tomy in  a  mild  or  moderate  typhoid  is  usually  well  borne.  AVe 
have  seen  that  the  5  cases  (Cases  1,  3,  4,  5,  and  7)  were  especially 
favorable  cases  for  operation.  Three  of  these  died,  and  they  were 
all  cases  that  could  have  stood  laparotomy  just  as  well  as  Case  22 
or  Case  23  had  it  not  been  for  the  peritoneal  infection,  the  nature 
of  which  was  undetermined  in  two  cases  and  found  to  be  the  bacillus 
typhosus  in  one.  These  3  fatal  favorable  cases  point  to  the  fact 
that  a  fatal  peritonitis  may  set  in  within  from  one  to  two  hours 
after  perforation.  Of  these  3  cases  Case  3  died  on  the  third  day. 
Case  5  on  the  fourth  day,  and  Case  7  on  the  second  day. 

Of  the  14  cases  in  our  second  set,  in  all  of  which  operation  found 
more  or  less  extensive  peritonitis,  and  in  regard  to  which  it  may  be 
said  that  the  operation  was  directed  against  the  peritonitis  primarily, 
twelve  died;  1  lived  eight  days  and  died  from  secondary  extravasa- 
tion. All  the  others  died  within  fifty  hours  after  the  operation:  2 
in  six  hours,  7  in  thirty-six  hours,  and  1  on  the  operating-table. 
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If  we  grant,  for  the  sake  of  argument,  that  the  sick  typhoids,  6 
in  number,  might  have  died  from  their  typhoidal  condition  compli- 
cated by  an  abdominal  operation,  even  if  peritonitis  had  not  been 
present,  we  still  have  8  mild  cases  in  which  the  cause  of  death  was 
probably  a  peritoneal  infection,  and  not  the  operation  itself. 

Calculating  statistics  of  the  operative  treatment  of  general  peri- 
tonitis from  any  cause  is  foolish  business.  The  chances  for  success 
in  such  treatment  depend  on  so  many  factors:  the  amount  and  viru- 
lence of  the  infection,  the  condition  and  resisting  powers  of  the 
patient,  the  differing  operative  technique  of  different  men,  the  time 
of  operation,  the  kind  and  amount  of  anaesthetic  used,  etc.  In  try- 
ing to  find  out  why  some  of  these  cases  lived  and  some  died  it  would 
be  well  to  take  only  the  15  mild  cases,  throwing  out  for  the  time 
being  the  6  severely  sick  typhoids  as  doubtful  cases  for  standing 
the  shock  of  the  abdominal  operation,  leaving  ourselves  15  mild 
typhoids  for  consideration.  Of  these  5  had  perforation  without 
any  warning  symptoms,  and  were  operated  upon  very  speedily 
thereafter;  2  recovered,  one  because  the  operation  was  done  in  the 
pre-extravasation  stage — a  rare  event;  3  died  from  peritoneal  infec- 
tion from  the  intestinal  extravasation,  although  no  macroscopical 
signs — or,  at  most,  slight  signs — ^of  general  peritonitis  were  present 
at  the  operation.  Ten  of  these  mild  cases  had  general  septic  peri- 
tonitis at  the  time  of  operation;  2  recovered. 

When  we  consider  the  reasons  for  the  recovery  of  2  of  these  cases 
and  the  death  of  8  we  are  brought  face  to  face  again  with  insuffi- 
cient recorded  data.  The  time  of  operation  is  recorded  in  only  3 
of  the  fatal  cases :  1  case,  thirty  minutes;  1  case,  thirty-five  min- 
utes; 1  case,  one  and  a  half  hour. 

The  time  of  operation  in  the  cases  that  recovered  is  not  noted. 
The  kind  of  bacterial  infection  in  the  cases  that  recovered  is 
unknown.  In  1  case  that  died  it  was  an  infection  of  bacillus 
typhosus;  in  1  case  infection  of  the  colon  bacillus  and  other 
doubtful  bacteria. 

Ether  was  the  anaesthetic  in  every  case;  but  the  amount  given, 
the  time  the  patient  was  kept  under  it,  and  the  effect  on  the  pulse 
are  in  no  case  recorded. 

Gushing  has  enthusiastically  endorsed  the  use  of  cocaine  anaes- 
thesia in  exploratory  laparotomies  in  acute  abdominal  infection  in 
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typhoid.  He  has  not,  however,  proved  in  his  article  that  the 
majority  of  his  cases  were  any  better  off  than  the  cases  operated 
upon  under  ether.  It  is  not  the  feeling  of  this  committee  that 
operation  under  cocaine  anaesthesia  is  advisable  in  cases  of  mild 
typhoid  whose  general  condition  of  mind  and  body  is  fairly  good, 
because  rationally  the  shock  to  the  mental  and  physical  organism 
from  an  abdominal  operation,  with  all  its  attendant  manipulation, 
to  a  conscious  patient,  must  be  greater  than  the  judicious  adminis- 
tration of  ether.  In  certain  cases  of  advanced  peritonitis  in  which 
the  patient  is  sick  or  nearly  moribund,  stupid,  and  unintelligent 
the  use  of  local  anaesthesia  may  be  advantageous. 

Irrigation  of  the  peritoneal  cavity  with  hot  salt  solution  or  hot 
sterile  water  was  practised  in  every  case  of  general  peritonitis  but 
one,  viz..  Case  16.  In  this  case  careful  wiping  out  of  the  cavity 
with  gauze  was  done.  Drainage  with  gauze  or  with  tube  and  gauze 
was  used  in  every  case  but  two,  both  of  which  died.  It  does  not 
appear  from  available  data  that  these  variations  in  technique  affected 
the  result.  The  surgical  opinion  is  practically  unanimous  the  world 
over,  that  the  operation  for  septic  peritonitis  must  include  free  in- 
cisions, careful  cleaning  of  the  abdominal  cavity  by  wiping,  irriga- 
tion, and  free  drainage. 

It  is  impossible  to  work  out  by  percentages  the  chances  of  recovery 
in  cases  of  intestinal  perforation  and  peritoneal  infection  in  typhoid 
fever.  It  is  a  question  of  peritoneal  infection  (kind,  amount,  and 
virulence),  together  with  the  condition  and  resisting  powers  of  the 
patient,  who  has  already  contended  with  another  disease.  It  is 
not  the  mere  fact  of  operating  in  these  cases  that  kills  them,  and 
it  cannot  be  said  that  the  typhoidal  condition  forbids  an  opera- 
tion. 

It  has  been  shown  that  a  majority  of  the  cases  of  perforation  and 
infection  are  mild  typhoids,  and  it  has  also  been  shown  that  abdom- 
inal operation  in  the  absence  of  infection  is  not  necessarily  fatal, 
but,  on  the  contrary,  is  well  borne.  The  peritoneal  [infection  is 
the  thing  that  kills  in  the  majority  of  cases. 

A  peritonitis  from  a  perforation  of  the  intestine  in  typhoid  may 
be  caused  by  virulent  or  non- virulent  organisms  just  as  in  any  other 
perforation  of  the  bowel.  Most  of  the  typhoid  perforations  oper- 
ated upon  in  this  series  of  cases  and  all  cases  hitherto  published 
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have  had  a  general  peritonitis  that  would  kill  a  majority  of  the 
men  who  had  contracted  it  from  other  causes  than  typhoid,  namely, 
perforated  appendix  or  wounds.  General  peritonitis  of  the  intes- 
tinal variety  in  a  strong  man,  without  typhoid  fever,  is  a  very  fatal 
affair,  and  the  chances  of  a  recovery  from  operation  in  any  case 
cannot  be  established  by  statistics  except  in  a  general  way. 

Conclusions. 

This  series,  unfortunately,  leaves  much  to  be  desired  in  the  way 
of  accurate  and  carefully  reported  study  of  many  of  the  cases  in  the 
light  of  the  most  recent  experience;  but  from  the  foregoing  analysis 
of  the  material  we  can  definitely  conclude  that: 

1.  In  many  very  sick  typhoids,  perforation  or  peritoneal  infec- 
tion cannot  be  diagnosed  until  the  results  are  already  wide-spread 
and  of  fatal  extent.  The  chances  of  a  fatal  issue  from  an  abdominal 
operation  in  such  cases  are  overwhelming. 

2.  In  mild  typhoids  of  fair  general  condition  an  abdominal  opera- 
tion is  readily  borne,  provided  no  peritoneal  infection  is  present. 

3.  A  small  number  of  mild  typhoids  may  have  sudden  perfora- 
tion with  free  extravasation.  In  these  the  symptoms  are  fulminant, 
but  localized  to  a  great  extent,  and  in  these 

4.  Operation  must  be  done  at  once,  for  general  infection  may  be- 
come past  relief  in  from  one  to  five  hours,  and  walling  off  of  the  per- 
foration by  protecting  adhesions  is  so  rare  as  not  to  be  counted  upon. 

5.  In  the  majority  of  mild  cases,  beginning  infection  (whether 
from  perforation  or  not)  is  marked  by  comparatively  slight  symp- 
toms— local  pain,  tenderness,  spasm,  and  leucocytosis.  The  severe 
following  symptoms  mean  general  peritonitis. 

6.  These  warning  symptoms  demand  serious  consideration  and 
study,  but  in  many  cases  are  either  not  rightly  understood  or  not 
acted  upon. 

7.  Complaint  of  abdominal  pain  in  a  case  of  typhoid  should 
always  lead  to  a  suspicion  of  beginning  peritoneal  infection. 

8.  Frequent  leucocyte  counts  are  needed  in  every  case  of  typhoid. 
In  the  presence  of  abdominal  pain  an  hourly  count  is  necessary. 

9.  Pain  associated  with  local  tenderness  and  muscular  spasm  and 
a  rising  white  blood-count  points  in  most  cases  to  an  operation;  in 
all  cases  to  a  surgical  consultation. 
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10.  In  not  a  few  of  this  series  of  cases  operation  was  imperative 
a  varying  number  of  hours  before  it  was  done. 

If  it  can  be  appreciated  that  the  severe  symptoms  more  often 
mean  general  peritonitis,  it  must  be  understood  that  the  milder 
and  earlier  symptoms  are  the  important  ones. 

Cases. 

Case  1.  Seeley.— Male,  aged  thirty-two  years  ;  white.  Drs.  Bowditch  and 
Thorndike,  Boston  City  Hospital,  September,  1899.  Sudden  perforation. 
Operation  within  three  hours  from  first  symptoms.  No  general  peritonitis. 
Death  five  days  after  from  intestinal  hemorrhage.  Uneventful  until  the 
sudden  abdominal  symptoms. 

Mild  course.  Widal  positive.  Diazo(?).  No  complications.  No  abdom- 
inal complaints.  Not  a  sick  man.  End  of  sixth  week,  forty-second  day, 
operation.  Ether.  Time  not  known.  Incision,  right  iliac.  Irrigation. 
Gauze  drainage. 

Sudden  intense  abdominal  pain,  not  localized.  Marked  shock.  Pulse 
150.  Temperature  102.6°.  No  leucocyte  count  recorded.  No  fall  of  tem- 
perature. No  vomiting.  Operation  three  hours  after.  No  general  periton- 
itis. Intestinal  contents  in  abdominal  cavity  ;  fluid  fecal  matter.  Perfora- 
tion in  ileum,  two  feet  from  caecum.  Closed  with  silk.  No  cultures.  Ex- 
cellent result  for  five  days.  Operation  for  the  perforation  successful.  Five 
days  after,  excessive  intestinal  hemorrhage  causing  death. 

The  autopsy  showed  that  the  operation  was  a  success.  No  general  peri- 
tonitis. The  suture  was  intact  and  protected  by  adherent  intestines  with 
slight  local  peritonitis,  from  which  the  colon  bacillus  and  staphylococcus 
albus  were  grown.     Cultures  from  rest  of  abdominal  cavity  negative. 

Case  2.  Bowler. — Male,  aged  twenty-five  years,  negro.  Drs.  G.  B.  Shat- 
tuck  and  F.  B.  Lund.     Boston  City  Hospital,  October,  1899. 

A  case  of  general  septic  peritonitis  from  necrosed  patches  of  peritoneum, 
without  perforation.  Symptoms  of  perforation,  however.  Moribund  at  opera- 
tion.    Death. 

Severe  course.  Widal  positive.  Diazo(?).  Abdominal  pain  constant. 
Fourth  week,  twenty-second  day.  Operation.  Ether.  Time  (?)  Incision, 
right  iliac.  Irrigation  and  drainage.  Very  sick  case.  Temperature  high. 
Delirious.  Abdominal  pain  and  tympanites  at  frequent  intervals.  Two 
intestinal  hemorrhages  before  operation  (two  days  before). 

Sudden  chill,  shock,  collapse,  rising  temperature  and  pulse.  Distention. 
No  vomiting.  Operated  on  seven  hours  after,  when  in  moribund  condition. 
No  leucocyte  count.  No  perforation.  Two  necrosed  patches  in  wall  of  ileum 
over  ulcers.  General  peritonitis.  No  cultures  made.  Gas  and  serous  fluid 
escaped.  Intestines  clean  and  not  injected.  Several  necrotic  areas.  Ne- 
crosed places,  inverted  with  silk.  Death  in  eighteen  hours.  Cause,  perito- 
neal infection  and  typhoidal  state.     Compare  this  case  with  Case  16.     This 
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case  had  sudden  severe  symptoms  from  peritonitis  without  perforation.     An 
unfavorable  case  from  all  points  of  view. 

Peritoneal  infection  from  necrosed  patches,  probably  virulent,  whereas  in 
Scappacci's  case  infection  from  necrosed  patches  probably  non-purulent, 
with  the  abdominal  pain  and  distention  marked.  Specially  associated  with 
hemorrhages,  careful  white  blood-count  at  frequent  intervals  might  have  been 
suggestive. 

Case  3.  McCann. — Male,  aged  thirty  years,  white.  Dr.  F.  C.  Shattuck 
and  Dr.  Warren.  Massachusetts  General  Hospital,  January,  1899.  Sudden 
perforation  without  warning.  Operation  within  two  hours.  Death  in  three 
days.  Mild  course.  Widal  positive.  Diazo  positive.  Bronchitis.  No 
abdominal  complaints.  Fifth  week,  thirtieth  day.  Incision,  right  iliac. 
Irrigation.  Drainage,  gauze.  Ether.  Time  of  operation  (?).  Mild  fever 
complicated  by  hemorrhagic  bronchitis.  Intestinal  hemorrhage  two  days 
before  perforation.  No  warning.  Patient  comfortable,  when  sudden  sharp 
pain  in  right  iliac  region  with  great  tenderness  and  muscular  spasm.  No 
white  count  at  this  time.  White  count  two  days  before,  3800.  White  count 
at  entrance,  ten  days  earlier,  10,000.  No  vomiting.  Temperature  sub- 
normal, but  began  soon  to  rise.  Pulse  below  100.  Operation  one  and  a  half 
hours  after.  Perforation  in  ileum,  site  not  mentioned.  No  general  periton- 
itis. Some  free  fluid.  No  bacteriology.  Death  on  third  day  in  sixty  hours 
with  symptoms  of  general  peritonitis.     No  autopsy. 

Case  4.  Scott. — Male,  aged  twenty-eight  years,  white.  Drs.  Withington 
and  Watson.  August  and  September,  1895.  Perforation.  Localized  peri- 
tonitis. Operation  in  pre-extravasation  stage.  Eecovery.  Mild  course. 
No  Widal  test  made.  Diazo  positive.  Rose  spots.  Eleventh  week  in  a 
relapse.  Operation.  Ether.  Time  of  (?).  Incision  right  iliac  over  indu- 
ration. No  irrigation.  No  drainage.  Long  course,  one  or  two  relapses. 
No  special  complications.  Twenty-three  days  before  perforation  two  or 
three  hemorrhages.  No  abdominal  pain  recorded,  but  some  tympanites. 
Without  warning  sudden  severe  pain  in  right  iliac  region  at  2  a.m.  Tem- 
perature did  not  fall,  but  rose.  Pain  steadily  worse.  Pulse  rapid  and  weak. 
Some  cyanosis  and  prostration.  Muscle  spasm  on  right  side  of  abdomen. 
Dulness  and  indurated  feeling  to  right  of  umbilicus,  "■  size  of  hand."  No 
distention.  No  vomiting.  ''  The  symptoms  of  local  pain  and  rigidity 
increased  while  patient's  general  condition  improved."  Leucocytosis  14,350. 
Operation  twelve  hours  after  first  pain.  A  loop  of  ileum  adherent  to  parietal 
peritoneum  around  a  perforation  size  of  a  dime — well  defined  area  of  local 
peritonitis.  Limiting  adhesions  delicate.  *'  Every  probability  that  these 
adhesions  would  not  have  resisted  fecal  extravasation  long  and  that  a  general 
peritonitis  would  have  resulted  if  case  was  left  to  itself."  (Watson).  Per- 
foration closed.     Recovery  uneventful.     No  cultures. 

Case  5.  Dolan. — Female,  aged  twenty-five  years,  white.  Drs.  George  B. 
Shattuck  and  Lund.  Boston  City  Hospital,  November,  1899.  Perforation. 
Beginning  general  infection  with  typhoid  bacillus.     No  definite  warning 
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symptoms.  Death.  Mild  course.  Widal  positive.  No  complications.  No 
abdominal  complaints.  In  second  week,  twelfth  day.  Operation.  Ether. 
Time,  thirty  minutes.  Incision,  median.  Irrigation.  Drainage.  Unevent- 
ful till  twenty-six  hours  before  operation,  then  hard  chill  (no  other  record 
at  this  time).  Next  a.m.  (twelve  hours  after)  several  chills.  Twenty-two 
hours  after  first  chill  and  four  hours  before  operation  abdominal  pain  above 
pubes.  Tenderness  and  spasm  (more  on  right).  Temperature  fell  to  98°, 
but  rose  at  once.  No  distention.  Pulse  120.  No  vomiting.  Nausea. 
Leucocyte  count,  recorded  as  taken  when  pain  complained  of,  6000.  No 
other  count.  Perforation  eight  inches  from  caecum  in  ileum.  Gas  arid 
turbid  fluid  in  general  abdominal  cavity.  General  peritonitis  not  far  ad- 
vanced. Infection,  pure  typhoid  bacillus.  Perforation  closed  with  silk,  also 
two  thin  places  enfolded.  Death  on  fourth  day,  with  symptoms  of  general 
peritonitis.  Perforated  coil  of  intestine  was  lying  low  down  in  pelvis. 
(Note  locality  of  pain  above  pubes.)  Perforation  probably  when  pain  was 
first  noted.  Operation  reasonably  soon.  Typhoid  infection,  probably  a  viru- 
lent one.  The  general  peritonitis  was  not  far  advanced  at  operation,  yet  was 
undeniably  a  general  infection. 

Case  6.  Devlin. — Male,  aged  twenty-four  years,  white.  Drs.  F.  H. 
Williams  and  Munro.  Boston  City  Hospital,  November,  1899.  Perforation 
and  local  abscess  formation,  with  no  diagnostic  symptoms,  followed  by  gen- 
eral peritonitis  with  severe  symptoms.  Death.  Severe  course.  Widal 
negative.  Rose  spots.  Large  spleen.  No  complications.  In  fourth  week, 
twenty-sixth  day,  operation.  Ether.  Time  (?).  Incision,  right  iliac. 
Irrigation.  Drainage.  Case  stupid  and  sick.  Fever  high.  No  abdominal 
complaints  till  special  ones.  Two  severe  intestinal  hemorrhages  on  day 
before  in  a.m.  and  p.m.,  accompanied  by  hard  chill  and  collapse.  Very 
near  death  at  this  time.  Unconscious  twenty-four  hours  after  this.  Ab- 
dominal pain.  Tenderness,  mainly  right  iliac.  Distention.  Rigidity.  No 
vomiting.  Leucocytes,  13,200.  Temperature  (?).  Operation  twenty-eight 
hours  after  hemorrhage.  Operation  four  hours  after  pain,  etc.  General 
peritonitis  with  cloudy  fluid ;  pus  and  feces  in  left  pelvis  free.  In  right  iliac 
region  an  abscess  cavity  walled  off  by  fairly  strong  adhesions,  filled  with  pus, 
blood,  and  feces — large  ragged  hole  in  ileum  near  caecum.  No  cultures 
recorded.  Perforation  closed.  Death  in  forty-eight  hours  from  general 
peritonitis.  No  autopsy.  This  case  was  one  of  perforation  and  forming  of 
a  walled-off  abscess  with  no  symptoms  complained  of  by  a  very  stupid,  sick 
man.  Time  of  extension  to. a  general  peritoneal  infection  doubtful.  No 
cultures  from  general  peritoneal  fluid  as  well  as  from  local  abscess  were 
taken. 

Case  7.  Marchiono.— Male,  aged  thirty  years,  white.  Drs.  Henry  Jack- 
son and  Munro.  Boston  City  Hospital,  July,  1898.  Perforation.  Sudden 
onset.  Peritoneal  infection  not  known.  Quick  operation.  Death.  Mild 
case.  Widal  positive.  Diazo  (?).  No  complications.  No  abdominal  com- 
plaints.    In   third  week,   twentieth  day,  operation.     Ether.     Time,  one- 
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half  hour.  Incision,  right  iliac.  Irrigation.  Drainage.  Ten  a.m.  pain 
complained  of  in  abdomen,  with  no  special  tenderness,  nothing  localized. 
No  spasm.  Leucocyte  count  then  8640,  not  taken  again  (?),  1.30  p.m. 
severe  pain  and  chill,  collapse.  Abdomen  everywhere  tender  and  rigid,  but 
especially  on  right  side.  Fall  of  temperature  recorded  to  98°,  rising  soon  to 
105°.  Xo  vomiting.  Operation  eight  hours  after  first  pain,  five  hours  after 
collapse.  One  perforation  in  ileum  ten  inches  from  caecum.  Xo  free  fluid. 
"  No  extensive  signs  of  peritonitis."  Perforation  closed.  No  cultures 
recorded.  Death  in  forty-eight  hours  without  symptoms  of  peritonitis. 
Partial  autopsy  through  wound.  Slight  macroscopic  signs  of  general  peri- 
tonitis, but  no  bacteriology.  Cause  of  death  (?).  Infection  not  known.  In 
this  case  quick  operation  after  first  symptoms.     Beginning  peritonitis. 

Case  8.  Schick. — Male,  aged  sixteen  years,  white.  Dr.  Gannett  and  Dr. 
Mixter.  Massachusetts  General  Hospital,  August,  1897.  Case  of  perfora- 
tion. Symptoms  of  peritonitis  Perforation  probably  took  place  some  hours 
before  first  symptoms.  Death.  Severe  course.  Widal  positive.  Diazo 
positive.  End  of  third  week,  twenty-first  day.  Operation.  Ether.  Time(?). 
Incision,  median.  Irrigation.  Drainage,  gauze.  Albumin,  a  trace  in  urine. 
Mitral  regurgitation.     Compensated.     White  count  on  entrance  4000. 

High  temperature  and  great  abdominal  distention  all  the  time  in  the  hos- 
pital, but  no  pain  till  August  20th  (the  day  before  severe  symptoms)—!,  e., 
twenty  hours  before  operation  sharp  pain  in  the  left  iliac  region.  No  white 
count.  Temperature  falling  gradually  to  99.4°  the  following  evening.  No 
record  of  close  watch  of  case.  Next  a.m.  severe  symptoms.  A^ery  great 
pain.  Great  distention,  "  board-like  abdomen,  most  tenderness  left  iliac," 
bad  pulse,  anxious  facies,  no  vomiting.  White  count,  7300.  Perforation  eight 
inches  from  caecum  in  ileum.  Virulent  general  peritonitis,  pus  and  feces. 
Intestines  covered  with  fibrin.  No  cultures.  {"  Peritonitis  of  longer  stand- 
ing than  twenty  hours.")  Death  in  fifty  hours.  Peritonitis,  spreading  from 
a  local  area  of  infection  or  from  perforation  which  took  place  without  being 
noted.  Small  leucocyte  count,  possibly  due  to  extensive  purulent  peritonitis. 
No  comparative  counts  except  one  at  entrance. 

Case  9.  Hanahan. — Male,  aged  twenty-seven  years,  white.  Drs.  Fitz  and 
Beach.  Massachusetts  General  Hospital,  November,  1897.  Perforation. 
General  peritonitis.  Operation.  "  Second  perforation  "  or  giving  way  of 
sutured  area  eight  days  after  second  operation.  Death.  Mild  course. 
Widal  positive.  Diazo  positive.  First  of  third  week.  Operation.  Ether. 
Time,  thirty  minutes.  Incision,  median.  Irrigation.  No  drainage. 
Slight  bronchitis.  Trace  of  albumin  and  hyaline  and  granular  casts  in 
urine.  Nothing  pointing  to  abdomen  save  a  little  distention.  No  intestinal 
hemorrhages  till  after  first  operation.  December  6th,  distention  and  tender- 
ness to  right  of  umbilicus.  Temperature  rising,  pulse  steady,  no  white 
count  then.  Leucocytosis  at  entrance,  November  27th,  14,100  ;  November 
29th,  14,200  ;  December  8th,  16,000.  December  7th,  tenderness  increasing 
and  temperature  rising.     No  white  count.     December  8th,  gradually  falling 
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temperature  and  great  increase  in  tenderness  and  distention  of  abdomen. 
Liver  dulness  obliterated.  White  count,  16,000.  General  tenderness,  pulse 
130,  temperature  104.  No  vomiting.  No  complaint  of  pain.  Operation  next 
day  (December  9th),  about  sixty  hours  after  first  warnings  and  twenty-four 
hours  after  symptoms  of  general  peritonitis.  The  infection  was  a  slowly 
spreading  one,  the  severe  symptoms  on  December  8th  were  probably  due  to 
the  general  peritonitis.  The  condition  on  December  6th  and  7th  strongly 
suggests  a  pre-extravasation  stage,  but  comparative  blood-counts  are  not  re- 
corded. Operation  certainly  would  have  been  justified  by  these  symptoms 
of  general  peritonitis  fully  fifteen  hours  before  it  was  actually  performed. 
Perforation  one-eighth  inch  in  diameter,  one  inch  from  caecum  in  ileum 
(Beach).  Closed.  Foul  gas  and  fecal  fluid  in  belly.  Yellow  fibrin  on 
intestines.  No  bacteriology.  Did  well  after  operation  save  for  the  con- 
tinuation of  typhoid  temperature,  averaging  102°,  and  three  or  four  moder- 
ate intestinal  hemorrhages.  Some  distention.  Eight  days  after  first  opera- 
tion pain  all  over  belly,  followed  in  three  hours  by  collapse.  Second  opera- 
tion :  found  large  necrotic  area  and  ragged  hole  in  the  csecum,  which  was,  for 
a  great  space  around  ulcer,  soft  and  gangrenous — "  shows  patches  of  necro- 
sis." Peritoneal  cavity  contained  much  dark  fluid,  feces  and  blood.  Died 
five  hours  after.  Autopsy  :  Much  foul  fluid  in  the  peritoneal  cavity.  Many 
ulcers  in  last  three  feet  of  ileum  and  in  ascending  colon.  In  csecum  large 
necrotic  areas,  two  small  perforations,  and  two  ragged  large  openings.  In 
ileum  no  ulcer  through  to  peritoneal  coat,  and  no  sutures  found.  Although 
this  case  has  been  considered  a  case  of  second  perforation  after  recovery  from 
the  first  perforation,  the  facts  do  not  permit  this  view  of  it.  The  first  per- 
foration was  said  to  be  one  inch  from  the  caecum,  the  second  operation  and 
the  autopsy  found  great  necrotic  softening  and  ragged  holes  in  the  caecum, 
and  the  autopsy  found  no  ulcers  in  the  ileum  which  were  through  to  the  peri- 
toneal coat,  and  no  trace  of  the  silk  sutures.  The  localities  are  practically 
coincident.  It  seems  just  to  add  that  the  case  did  well  after  the  first  opera- 
tion until  the  extensive  necrotic  changes  in  the  caecum  involving  the  sutured 
area  caused  giving  way  of  sutures  and  second  extravasation.  Certainly  eight 
days  is  too  short  a  time  in  which  a  sutured  ulcer  could  heal  and  vanish,  and 
the  silk  sutures  would  not  have  disappeared. 

Case  10.  Hoyt.— Male,  aged  nineteen  years,  white.  Drs.  F.  C.  Shattuck 
and  C.  B.  Porter.  Massachusetts  General  Hospital,  October,  1896.  Perfo- 
ration. General  peritonitis.  No  full  study  of  early  and  warning  symptoms 
recorded.  Death.  Mild  course.  No  Widal  test  made.  Diazo.  No  com- 
plications. No  abdominal  complaints.  Thirteenth  day,  last  of  second  week, 
operation.  Ether.  Time  (?).  Incision,  median.  No  irrigation.  Wiping. 
Gauze  drains.  No  hemorrhages.  Uneventful  till  October  26th.  Pain  in 
abdomen  growing  steadily  worse.  No  collapse,  no  fall  in  temperature  then. 
Pain  steadily  increasing.  Legs  drawn  up.  No  records  of  any  examination 
for  spasm,  etc.,  but  records  of  morphine  given.  No  white  count.  Eight 
hours  after  pain  first  noted  symptoms  of  general   peritonitis.     Pulse  112, 
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sweating,  temperature  down  somewhat,  pinched  face,  belly  rigid,  tenderness 
general.  Liver  dulness  not  obscured.  Xo  vomiting.  White  count  14,700. 
Operation  eleven  hours  after  first  symptoms.  Perforation  in  ileum  "  near 
caecum."  This  is  called  in  record  "  a  sloughing  area  from  which  gas  was 
escaping,  but  no  fecal  matter."  General  peritonitis,  sero-turbid  fluid  of 
fecal  odor.  No  bacteriology.  Perforation  infolded  with  two  rows  of  sutures. 
Death  in  thirty-six  hours  after  great  distention  with  obstinate  vomiting. 
The  autopsy  raises  a  speculation  as  to  the  cause  of  death — whether  due  to 
obstruction  from  too  much  infolding  of  intestines  by  the  two  rows  of  sutures. 
The  lumen  of  intestine  at  the  point  of  suture  admitted  the  little  finger  tip, 
but  was  obstructed  by  a  hard  impacted  mass  of  feces.  Whites  at  entrance, 
6500.     Eight  hours  after  first  pain,  14,700. 

Case  11.  Bresnahan. — Female,  aged  forty  years,  white.  Dr.  C.  A.  Porter 
and  Dr.  Thompson.  St.  Elizabeth's  Hospital,  August,  1899.  Perforation. 
Definite  early  symptoms,  which  were  not  considered  important.  Operation 
six  hours  after  severe  symptoms.  Death.  Mild  type  and  course.  No 
Widal  test  made.  No  Diazo.  Rose  spots,  etc.  No  complications.  No 
abdominal  complaints.  In  third  week,  operation.  Ether.  Thirty-five 
minutes.  Incision,  right.  No  second  incision.  Irrigation.  Drained  with 
gauze.  Uneventful  case.  No  intestinal  hemorrhages.  Twenty  hours  before 
operation  pain  in  abdomen  with  some  tenderness.  No  white  count.  No 
examination  through  the  day.  Six  and  one-half  hours  before  operation  pain 
severe,  pulse  135.  Three  and  one-half  hours  before  operation — i.  e.,  sixteen 
and  one-half  hours  after  first  complaint  of  pain — symptoms  of  collapse  (gen- 
eral peritonitis).  Temperature  106°.  Muscle  spasm  and  tenderness  in  right 
iliac  region.  No  vomiting.  Leucocytes,  8000.  One  perforation  six  inches 
from  caecum  in  ileum.  V-shaped  resection,  silk  sutures,  one  thin  place 
inverted.  General  peritonitis.  Free  fluid  of  fecal  odor.  Injected  intestines, 
with  fibrin  flakes.  No  cultures  taken.  Infection  unknown.  Death  thirty- 
seven  hours  after.  Partial  autopsy  through  wound.  Existence  of  other  per- 
forations unknown.  Cause  of  death,  peritoneal  infection.  Beginning  infec- 
tion probably  when  first  pain,  twenty  hours  before  operation.  No  impor- 
tance attached  to  early  symptoms.  Severe  symptoms  due  to  general  perito- 
neal infection. 

Case  12.  McDonald. — Female,  aged  twenty-six  years,  white.  Drs.  Buck- 
ingham and  Munro.  Boston  City  Hospital,  September,  1899.  Case  of  per- 
foration with  excessive  general  peritonitis.  Perforation  and  peritonitis  much 
earlier  than  diagnosed.  No  symptoms  save  of  general  peritonitis.  Death. 
Severe  course.  Widal  positive.  Diazo  (?).  No  complications.  No  abdom- 
inal complaint.  First  of  fifth  week,  thirtieth  day,  operation.  Ether. 
Time  of  operation  (?).  Incision  (?).  Entered  the  Boston  City  Hospital  in 
the  fourth  week.  Two  intestinal  hemorrhages  five  days  before  **  perfora- 
tion." After  these  very  sick,  stupid.  Pulse  and  temperature  high.  Some 
abdominal  distention.  No  abdominal  pain  until  the  morning  of  September 
18th,  then  pain  and  tenderness,  requiring  morphine.     Four  hours  after  this 
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great  distention,  general  tenderness,  chill,  collapse,  poor  pulse,  temperature 
fell  to  normal,  but  began  at  once  to  rise.  No  vomiting.  Leucocytes,  3800 
(note,  general  peritonitis  with  excess  of  fluid).  No  other  count  recorded,  and 
no  time  of  this  given.  Operation  six  hours  after  pain,  two  after  collapse. 
Case '' moribund"  at  operation.  Perforation  site  not  recorded.  ''Exces- 
sive general  peritonitis,  evidently  of  long  standing  ;  appearance  of  intestines 
and  abdominal  cavity  showed  general  peritonitis  of  much  longer  standing 
than  six  hours"  (Munro).  No  bacteriology.  Death  on  operating-table. 
No  post-mortem.  This  case  was  ''stupid"  and  sick,  and  illustrates  that 
perforation  and  general  peritonitis  may  be  gradual,  and  in  a  sick  and  stupid 
patient  unnoticed  until  extreme  septic  infection. 

Case  13.  Starnar. — Male,  aged  twenty-five  years,  white.  Drs.  Gannet  and 
C.  B.  Porter.  Massachusetts  General  Hospital,  October,  1899.  Perforation 
gradual.  General  peritonitis  of  long  duration  No  very  definite  diagnostic 
symptoms.  Death  in  two  hours.  Mild  case.  Widal  positive.  Diazo  posi- 
tive. No  complications.  First  of  fourth  week  or  end  of  third.  Operation. 
Ether.  Time,  one  and  one-half  hours.  Incision,  median.  Irrigation.  No 
drainage.  In  the  hospital  ten  days  before  operation.  Abdomen  distended 
most  of  the  time,  but  no  pain.  Patient  dull  and  stupid.  Temperature  high, 
pulse  good.  4  A.M.  intense  pain,  abdominal  distention.  No  examination. 
8  A.M.,  September  13th,  sudden  vomiting.  No  pain  complained  of,  but  ab- 
domen much  distended  and  knees  drawn  up,  face  anxious,  general  rigidity, 
abdominal  and  general  tenderness.  No  fall  of  temperature  recorded.  White 
count,  8.30  A.M.,  5400;  10  a.m.,  4400;  2  p.m.,  6300.  Operation  twelve 
hours  after  first  pain.  General  peritonitis,  cloudy  fluid,  gas  in  large  amounts. 
Intestines  much  injected,  distended,  covered  with  fibrin.  Perforation  just 
above  ileo-csecal  valve  in  ileum,  "  pin-head,"  closed.  No  culture.  "  Con- 
dition on  leaving  table  very  bad."     Death  in  two  hours.     No  autopsy. 

Case  14.  McKenna.— Male,  aged  thirty-eight  years,  white.  Drs.  George 
B.  Shattuck  and  F.  B.  Lund.  Boston  City  Hospital,  December,  1898.  Per- 
foration. General  peritonitis.  Definite  warning  symptoms.  Death.  Severe 
course.  Widal  positive.  Diazo  (?).  No  complications.  No  abdominal 
complaints.  End  of  third  week,  twenty-first  day.  Ether.  Time  (?).  First 
incision  in  right  iliac,  second  in  left.  Irrigation.  Drainage,  gauze  and 
tubes.  7  P.M.  of  the  day  before  operation  general  abdominal  pain,  also  pain 
in  rectum  and  bladder.  General  abdominal  tenderness  and  rigidity.  No 
change  in  pulse  and  temperature.  Leucocyte  count,  10,000.  Query  as  to 
why  this  was  not  repeated.  No  record  of  any  observation  of  case  till  next 
day.  The  next  morning  (twelve  hours  after  warning)  symptoms  of  periton- 
itis recorded,  viz.  :  Distention,  anxious  facies,  vomiting,  no  fall  of  tempera- 
ture, pulse  rising  to  120.  Operation  fifteen  hours  after  first  symptom.  Per- 
foration in  ileum  one  foot  from  csecum.  Closed.  Seropurulent  general 
peritonitis,  pus,  and  feces,  fibrin.  Infection,  colon  bacillus  and  other  bac- 
teria. Death  in  forty-two  hours.  Autopsy  showed  general  peritonitis.  No 
other  perforations.     Beginning  of  infection  when  first  pain,  fifteen  hours 
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before  operation.  Definite  warning.  No  record  of  case  for  twelve  hours. 
Leucocyte  count  day  before,  when  suggestive  symptoms  appeared. 

Case  15.  Mahr. — Male,  aged  thirty  years,  white.  Drs.  Bowditch  and 
Watson.  Boston  City  Hospital,  February,  1898.  Perforations.  General 
peritonitis.  Early  symptoms  definite.  Operation  delayed  forty-eight  hours. 
Death.  Mild  course.  No  Widal.  No  diazo.  Post-mortem  proof.  End 
of  third  week,  operation.  Ether.  Time  (?).  Incision,  median,  and  two 
counter  incisions  in  flanks.  Irrigation.  Drainage-tubes  and  gauze.  No 
special  complications.  Temperature  normal  for  two  days.  No  abdominal 
complaints  till  last.  September  15th,  a.m.,  vomited  and  complained  of 
sudden  pain,  first  in  epigastrium,  then  all  over  abdomen  and  shooting  into 
testicle.  Tenderness  in  abdomen,  general  but  most  marked  in  right  lower 
region  and  in  epigastrium.  '^  Shock  not  marked."  Temperature  rose  from 
normal  to  102^.  Pulse  150.  In  a  few  hours  rigidity  of  abdomen  and  tym- 
panites. Leucocytes  on  September  15th,  31,550  ;  next  day,  17,000  to  23,000 
(September  16th).  In  spite  of  these  marked  warning  symptoms  no  opera- 
tion for  forty-eight  hours.  Then  symptoms  of  fatal  peritonitis,  case  nearly 
moribund,  temperature  subnormal,  cold  extremities,  marked  prostration, 
cyanosis,  marked  distention  and  rigidity.  Operation  found  perforation  in 
ileum  near  caecum  size  of  "  split  pea."  Found  general  peritonitis,  pus, 
fecal  fluid,  dirty-gray  lymph,  coils  adherent,  pus,  pelvis  full  of  turbid  fluid, 
perforated  coil  fastened  in  abdomen  wound.  Infection  :  Colon  bacillus  and 
great  variety  of  other  bacteria  (?).  Death  in  six  hours.  Autopsy  :  Numer- 
ous typhoid  ulcers  in  lower  ileum.  A  second  perforation  (pin-point)  close 
to  valve.     General  peritonitis. 

A  repeated  white  count  in  this  might  have  contributed  much  to  the  knowl- 
edge of  a  falling  count  in  peritonitis. 

Case  16.  Scappacci. — Male,  aged  nineteen  years,  white.  Drs.  Cutler  and 
Eliot.  Massachusetts  General  Hospital,  June,  1899.  General  peritoneal 
infection  from  a  necrosed  and  gangrenous  patch  over  an  ulcer.  Threatened 
perforation.  Definite  warning  symptoms  of  infection.  Eecovered.  Mild 
course.  Widal  positive.  No  complications.  No  abdominal  complaints. 
Last  of  second  week,  operation.  Ether.  Time  (?).  Incision,  median.  No 
irrigation,  but  wiping.  Gauze  drainage.  Uneventful  till  June  4th,  then 
pain  in  lower  abdomen  with  general  tenderness.  Leucocytes  June  2d,  6900  ; 
June  4th,  8000.  No  complaints  or  examination  recorded  for  June  5th.  June 
6th,  severe  pain,  abdomen  tender  and  rigid,  but  more  on  right  side ;  tympany, 
anxious  facies,  pulse  120,  fall  of  temperature.  Leucocytes,  12,200.  No 
vomiting.  Operation  two  days  after  first  abdominal  pain.  Four  hours  after, 
symptoms  severe.  Four  feet  from  caecum  a  necrotic  patch  of  peritoneum,  the 
base  of  intestinal  ulcer.  General  peritonitis,  seroturbid,  purulent  fluid  and 
fibrin  flakes.  Intestines  injected,  with  green  fibrin  patches  occasional.  No 
cultures.  Patch  inverted.  Recovery  after  relapse  of  typhoid.  Infection 
not  determined,  A  case  of  peritoneal  infection  from  ulcer  not  yet  per- 
forated. Symptoms  of  perforation  all  present.  Infection  probably  non- 
virulent  (?).     Compare  Case  21. 
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Case  17.  Bloom. — Male,  aged  forty-five  years,  white.  Dr.  Brooks.  Mas- 
sachusetts General  Hospital,  September,  1898.  Extensive  general  peritonitis 
from  perforation  in  walking  typhoid.  Infection  not  determined.  Recovery. 
Widal  positive.  Ambulatory  case.  In  second  week,  operation.  Ether. 
Time  (?).  Incision,  right  iliac.  Irrigation.  Drainage,  gauze.  Case  of 
typhoid  as  shown  by  Widal  and  by  finding  of  typical  ulcer  indurations  in 
ileum.  Had  been  sick  for  a  week  or  ten  days  with  pains  in  abdomen.  Up 
and  about,  out  of  bed  most  of  time.  (Walking  typhoid.)  Brought  to  acci- 
dent-room 3  A.M.  in  bad  condition.  (Temperature  103.4°,  pulse  134,  respi- 
ration 60.)  History  of  pain  in  region  of  appendix  severe  for  two  days,  with 
nausea.  Operation  found  brown,  purulent  fluid  in  general  peritoneal  cavity, 
with  no  odor ;  portions  of  small  intestine  covered  with  hemorrhagic  spots 
^'  size  head  of  tack."  Perforation  found  one  foot  from  caecum.  "  Indurated 
area  size  of  quarter,  in  centre  of  which  pin-point  opening." .  The  appendix 
removed,  incidentally,  for  old  thickening.  No  active  process  in  it.  Perfora- 
tion took  place  two  days  at  least  (?)  before  entrance.  No  white  count. 
Recovered.  No  return  of  typhoid  state,  though  Widal  positive  after  opera- 
tion.    Discharged,  well,  in  six  weeks.     No  bacteriology. 

Case  18.  McCarron. — Male,  aged  thirty  years,  white.  Drs.  Bowditch  and 
Thorndike.  Boston  City  Hospital,  October,  1899.  Perforation.  Beginning 
general  peritonitis.  Operation  eight  hours  after  first  symptoms.  Death. 
Mild  course.  Widal  positive.  Diazo  (?).  No  abdominal  complaints.  In 
the  fifth  week,  thirty-third  day,  operation.  Ether.  Time  (?).  Incision, 
right  iliac.  Irrigation.  Drainage-tubes  and  gauze.  Cardiac  murmur,  sys- 
tolic, not  affecting  compensation.  No  other  complications.  Early  warning 
symptoms  :  2  a.m.,  sudden,  sharp  pain  in  right  iliac  region.  No  fall  of 
temperature,  good  pulse.  Vomited.  No  blood  count  in  this  case.  7  a.m. 
(five  hours  after)  severe  symptoms.  General  severe  abdominal  pains  and 
rigidity,  especially  right  iliac.  Pulse  120.  Vomiting.  Operation  eight 
hours  after  first  pain.  Operation  thre^^  hours  after  severe  symptoms.  Per- 
foration in  ileum  three  feet  from  caecum.  Perforation  closed  with  silk. 
Straw-colored  fluid  and  fecal  matter  in  abdominal  cavity.  Intestines  injected 
and  fibrin  flaked — i.  e.,  beginning  general  peritonitis.  No  cultures  recorded. 
Death  eighteen  hours  after.  No  autopsy.  This  case  perforated  eight  hours 
before  operation,  when  pain  noted.  If  the  case  had  been  carefully  watched 
with  hourly  blood-counts  between  the  hours  of  2  a.m.  and  7  a.m.  operation 
possibly  could  have  been  decided  on  three  or  four  hours  sooner.  Severn 
symptoms  at  7  a.m.  due  to  general  spreading  infection. 

Case  19.  EUam. — Female,  aged  twenty-one  years,  white.  Drs.  Townsend 
and  Burrell.  Children's  Hospital,  October,  1899.  General  peritonitis. 
No  perforation  found.  Symptoms  of  perforation  or  of  peritonitis.  Warn- 
ing pain  sudden  and  not  reported.  Death.  Moderately  severe.  Widal 
positive.  No  complications.  No  a,bdominal  complaints.  Fifth  week, 
thirtieth  day,  incision,  right  iliac  region.  Irrigation.  Gauze  and  tube 
drainage.  Intestinal  hemorrhages  daily  from  three  days  preceding  severe 
symptoms.     No  abdominal  pain  with  them.     Sudden  sharp  abdominal  pain 
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in  the  middle  of  the  night ;  no  examination.  At  9  a.m.  (eight  hours  after) 
severe  pain,  abdominal  tenderness,  and  resistance,  marked  in  right  upper 
quadrant,  slight  distention.  No  leucocyte  count  recorded.  No  vomiting. 
Pulse  130.  No  fall  in  temperature  noted,  but  rise  to  104°  at  9  a.m.  May 
have  fallen  in  the  night.  Operation  eleven  and  one-half  hours  after  pain. 
General  peritonitis.  Injected  fibrin  flaked  intestines.  No  perforation 
found.  ''  Thin  place,"  but  not  necrosed;  turned  in.  "  Condition  forbade 
search  "  for  cause  of  peritonitis.  No  bacteriology.  Death  in  twelve  hours. 
No  autopsy.  This  case  could  have  been  operated  sooner.  Severe  symptoms 
came  suddenly  and  were  not  reported  for  seven  or  eight  hours. 

Case  20.  Buckley. — Male,  aged  thirty-four  years,  white.  Drs.  Jackson 
and  Munro.  Boston  City  Hospital,  September,  1899.  Signs  suggestive  of- 
perforation  in  third  week.  Very  sick  after  this.  Perforations  in  ninth  week. 
General  peritonitis.  Early  warning  symptoms.  Death.  Severe  course. 
No  Widal.  No  diazo.  Eose  spots.  Cardiac  enlargement.  Systolic  mur- 
mur. In  ninth  week,  fifty-ninth  day,  operation.  Ether.  Time  (?).  Two 
incisions  :  first,  median  ;  second,  right  flank.  Irrigation.  Drainage,  gauze 
and  tube.  In  the  third  week,  while,  pulse  and  temperature  were  high, 
sudden  fall  of  temperature.  Collapse.  Distended  abdomen.  Operation 
advised  and  refused.  Leucocyte  count  then  6800.  No  other  count  recorded. 
From  this  attack  very  sick  until  ninth  week.  Abdomen  distended.  Pulse 
and  temperature  high.  One  small  intestinal  hemorrhage  in  fourth  week. 
Twenty-four  hours  before  operation  abdominal  pain,  especially  on  left  side. 
Pulse  and  temperature  rising  still  higher.  Twelve  to  fifteen  hours  after  pain 
general  and  severe.  Vomiting.  Temperature  subnormal.  Two  perfora- 
tions in  ileum  three  inches  apart.  (Where?)  Also  in  ileum  (site?). 
"  Recent  scar,"  "  possibly  healed  perforation  of  third  week."  Perforations 
closed.  General  peritonitis,  cloudy  fluid  with  fibrin  flakes.  Infection,  colon 
bacillus.  Death  ten  days  after.  No  autopsy.  A  frequent  leucocyte  count 
would  have  been  very  valuable. 

Case  21.  Powell. — Male,  aged  twenty-seven  years,  white.  Drs.  Ames  and 
Munro.  Boston  City  Hospital,  September,  1899.  No  perforation.  General 
peritonitis  from  ruptured  mesenteric  glands.  Symptoms  of  perforation 
exactly  simulated.  Infection,  pure  typhoid  bacillus.  Death.  Mild  course. 
Widal  positive.  Diazo  (?).  No  complications.  No  abdominal  complaints. 
Last  of  third  week,  twenty-first  day,  operation.  Ether.  Time  (?).  Incis- 
ion, median.  Irrigation.  Drainage.  Pain,  abdominal,  more  on  left  side 
at  11  P.M.  This  required  morphine.  No  further  record  till  7.30  a.m.  (eight 
and  one-half  hours  later),  when  colla'pse,  anxious  facies,  tympanites,  general 
abdominal  tenderness,  and  rigidity.  Temperature  rising.  (Temperature  had 
been  normal  for  twenty-four  hours.)  No  vomiting.  No  leucocyte  count. 
Operation  twelve  hours  after  pain.  No  perforations.  Two  suspicious  thin 
places  of  inflamed  peritoneum  over  ulcers.  Seropurulent  general  perito- 
nitis. Infection,  pure  typhoid  bacillus.  Death  in  twelve  hours.  Autopsy  : 
No  perforations.     General  peritonitis  from  two  softened  and  ruptured  mes- 
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enteric  glands.  This  case  .strongly  suggests  the  idea  that  symptoms  of 
general  peritonitis  are  identical  with  the  "  supposed  symptoms  "  of  perfora- 
tion, and  suggests  the  virulence  of  bacillus  typhosus  in  peritonitis. 

Case  22.  Sawyer.— Female,  aged  sixteen  years,  white.  Drs.  G.  B.  Shat- 
tuck  and  Watson.  Boston  City  Hospital,  December,  1897.  No  perforation. 
Nothing  to  account  for  symptoms  of  infection.  Leucocyte  count  not  taken. 
Recovered.  Mild  course.  Widal  positive.  Diazo  (?).  No  complications. 
No  abdominal  complaints.  In  sixth  week,  thirty-sixth  day,  operation. 
Ether.  Time  (?).  Incision,  right  iliac.  No  irrigation.  No  drainage. 
Uneventful  case.  Temperature  falling  steadily.  At  no  time  especially  sick. 
The  afternoon  before  operation,  severe  abdominal  pain  and  tenderness  in 
right  iliac.  Temperature  rising  to  104°.  Pain  local  in  ^'  lower  abdomen," 
gradually  increasing,  not  sudden.  Next  morning  pain  and  tenderness 
general,  but  more  on  right  side.  Temperature  102°,  pulse  128.  No  vomit- 
in.  Abdominal  muscles  rigid.  No  distention.  No  leucocyte  count.  ''Ab- 
sence of  marked  shock."  Operation  seventeen  to  eighteen  hours  after  first 
symptoms.  No  perforations.  No  peritonitis.  Appendix  not  actively 
inflamed,  but  bound  by  old  adhesions  ;  removed.  Recovery  uneventful. 
Important  case  from  diagnostic  side.  Pain,  tenderness,  rigidity,  rise  in  tem- 
perature and  pulse.  No  great  shock.  No  vomiting.  The  leucocyte  count 
is  all  important,  but  is  not  recorded. 

Case  23.  Eagles. — Female,  aged  twenty  years,  white.  Drs.  Vickery  and 
Mixter.  Massachusetts  General  Hospital,  August,  1898.  No  perforation 
found  at  operation.  No  cause  for  symptoms  of  perforation  which  were 
definite.  Recovered.  Moderately  severe.  Widal  positive.  Complications, 
cardiac  and  renal.  Abdominal  complaints  frequent.  Fourth  week,  opera- 
tion. Ether.  Time  (?).  Incision.  No  irrigation.  No  drainage.  Mod- 
erately severe  case.  Complicated  by  mitral  regurgitation,  with  poor  compen- 
sation and  by  acute  renal  congestion.  Both  cardiac  and  renal  complications 
improved  in  hospital.  Frequent  complaints  of  moderate  abdominal  pain, 
which  was  due  to  retention  of  urine  and  relieved  by  catheter.  Probably 
cystitis.  Temperature  lower  and  sitting  up  in  bed  in  fourth  week,  when 
pain  in  abdomen  complained  of  ;  white  count  at  this  time,  9200.  Leucocyte 
count  at  entrance,  4200  ;  twelve  hours  before  operation,  9200,  when  pain  first 
complained  of ;  one  hour  before  operation,  12,000.  Twelve  hours  before 
operation,  pain,  abdominal  tenderness,  and  spasm,  mainly  on  the  right  side  ; 
slight  distention;  pulse  118.  Temperature.  No  vomiting.  Operation 
twenty-four  hours  after  pain  first  noted.  Nothing  found.  Recovery. 
Symptoms  of  gradual  perforation,  including  some  leucocytosis.  No  marked 
shock  recorded.  Query  as  to  how  to  account  for  leucocyte  count.  Compare 
this  case  with  Sawyer,  Case  22.  Same  symptoms,  but  in  Sawyer's  case  no 
leucocyte  count.  The  comparative  value  of  leucocyte  count  in  this  case  is 
questionable. 

Case  24.  Seile.— Male,  aged  twenty-seven  years,  white.  Dr.  Balch. 
Massachusetts  General  Hospital,  September,  1897.    Symptoms  of  peritonitis 
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of  gradual  onset.  Operation  found  necrosed .  patch,  but  no  macroscopic 
general  peritonitis.  No  leucocyte  count.  No  cultures.  Death.  Mild 
course.  Widal  positive.  No  complications.  Fifth  week,  operation. 
Ether.  Time  (?).  Incision,  median.  Irrigation.  No  drainage.  Slight 
intestinal  hemorrhages  at  intervals  for  three  weeks  before  operation.  Ten 
days  before,  abdominal  distention,  but  no  pain  or  rigidity.  Temperature 
rising.  Distention  only  transient,  none  two  days  before  operation.  Sep- 
tember 25th,  at  noon,  pulse  140,  some  sweating  in  the  afternoon.  Pain 
below  and  to  left  of  umbilicus.  Abdomen  distended  (spasm,  vomiting,  and 
white  count  not  recorded).  (Temperature  not  recorded).  September  26th, 
picture  of  peritonitis,  anxious  face,  pain,  restlessness.  Liver-dulness  oblit- 
erated. Operation  twenty-four  hours  after  first  symptoms.  No  perforation, 
one  Peyer's  patch,  one  and  one-half  feet  from  caecum,  threatening  perfora- 
tion, with  fibrin  area  on  intestine,  "  green,  necrotic  area,"  this  inverted. 
No  extravasation  in  peritoneal  cavity.  No  bacteriology.  Death  in  ten  hours. 
Autopsy  showed  no  general  peritonitis.  Only  local  necrotic  patch.  Death 
from  typhoid. 

Case  A.  Eladed. — Male,  aged  fifteen  years,  white.  Drs.  Bowditch  and 
Munro.  1899.  Case  of  general  peritonitis.  No  perforations.  Gall-bladder 
infected  with  typhoid  bacilli.  Cause  of  peritonitis  unknown.  Sick  case. 
Widal  negative.  Diazo  negative.  Large  spleen.  Sick  for  four  weeks. 
Came  into  hospital  with  general  peritonitis.  ''  Nearly  moribund  at  entrance  " 
(Bowditch).  Delirious  ;  distended  belly  ;  distended,  rigid  muscles  ;  tem- 
perature 104°  ;  pulse  120.  Leucocytes  5200  (note  purulent  peritonitis  of 
long  standing).  No  symptoms  of  perforation.  At  operation  for  general 
peritonitis  no  perforations  found.  Gall-bladder  opened,  but  no  evidence  of 
origin  of  peritonitis.  Cultures  of  free  peritoneal  fluid,  St.  Albus.  Cultures 
from  gall-bladder,  bacillus  typhosus.  Exploration  only  half  satisfactory 
(Munro).  No  anatomical  evidence  of  typhoid  found.  Death  in  twenty-four 
hours.  No  autopsy.  No  conclusive  proof  that  this  was  a  case  of  general 
peritonitis  during  typhoid.  Moribund  case  of  general  peritonitis,  cause  of 
which  doubtful.     Should  not  be  counted  with  other  cases. 

Case  B.  Collins. — Male,  aged  twenty-five  years,  white.  Drs.  Jackson  and 
Gavin.  Boston  City  Hospital,  September,  1895.  Case  of  general  periton- 
itis. No  evidence  of  typhoid  fever.  No  Widal.  No  rose  spots.  No  spleen. 
Case  of  no  value.  This  case  had  general  peritonitis,  was  operated  on,  and 
died.  No  reason  to  call  it  typhoid.  No  post-mortem.  Leucocytes  32,000 
before  operation. 

Case  C.  James. — Male,  aged  (?).  Dr.  Munro.  Boston  City  Hospital, 
1895.  Case  of  general  peritonitis.  No  evidence  of  typhoid  or  of  perfora- 
tion. Case  of  no  value.  Case  entered  the  Boston  City  Hospital  with  general 
peritonitis.  Operated  on  and  died.  No  cause  for  peritonitis  found.  No 
autopsy. 


IDIOPATHIC   PHLEGMONOUS  GASTRITIS. 


By  FRANCIS  P.  KINNICUTT,  M.D., 

OP  NEW  YORK. 


Phlegmonous  or  suppurative  gastritis  is  so  rare  a  disease,  and 
the  number  of  cases — including  both  the  circumscribed  and  the 
diffuse  forms — reported  in  the  literature  of  the  subject  is  so  small, 
that  the  presentation  of  a  specimen  with  the  clinical  history  of  the 
case  may  be  of  interest  to  the  members  of  the  Association. 

The  earliest  description  of  the  disease  would  seem  to  be  in  a  com- 
munication by  Verandaeus^  in  1620.  In  the  latter  half  of  the 
seventeenth  century  and  in  the  beginning  of  the  eighteenth  there 
are  published  observations  by  Borel,^  1656;  Sand/  1701;  "Vor- 
waltner/  and  Bonet.^  All  of  these  observations  describe  the  cir- 
cumscribed form  alone.  Andral/  1839,  and  Cruveilhier''  appear 
first  to  have  observed  the  diffuse  form  of  purulent  infiltration  of 
the  gastric  walls.  In  their  case  only  a  fortunate  accident  led  to 
incisions  into  the  stomach  walls,  which  revealed  a  diffuse  submucous 
suppurative  inflammation.  Since  1860  papers  both  on  the  circum- 
scribed and  diffuse  forms  have  been  published  by  Raynaud,^  Au- 
vray,^  Leube,^*^  Hun,^^  Glax,^^  Loweiistein,^^  Oser,^*  Reinking,^^ 
Kelynack,^^  among  others;  and,  finally,  a  very  admirable  mono- 
graph by  Leith,^^  of  Edinburgh,  in  1896. 

Leith'''  has  been  able  to  collect  only  fifty-one  positive  cases  of 
the  diffuse  form  in  the  entire  literature  of  the  subject,  and  the  total 
number  of  cases  both  of  the  diffuse  and  the  circumscribed  forms  is 
given  as  eighty-five.  For  a  very  interesting  discussion  of  the  entire 
subject  especially  I  would  refer  to  Leith's^^  monograph. 

The  specimen  which  I  present  is  an  exquisite  example  of  the 
primary  diffuse  form  of  the  disease.  A  single  other  instance  of  a 
similar  form  came  under  my  observation  many  years  ago  in  the 
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wards  of  Bellevue  Hospital,  iu  which  the  true  lesion  was  only 
demonstrated  at  autopsy. 

Clinical  History.  M.  L.,  male,  aged  forty-one  years;  plumber. 
Admitted  to  the  Presbyterian  Hospital,  April  10,  1900.  Service 
of  Dr.  Kinnicutt.  Family  history,  unimportant.  Previous  history. 
There  is  no  history  of  syphilis.  An  alcoholic  habit  has  existed  for 
many  years.  The  patient  states  that  he  has  never  suffered  from 
gastric  disturbances  except  at  times  of  excessive  drinking,  and  has 
enjoyed  excellent  health. 

Present  Illness.  Five  days  before  admission  to  the  hospital,  after 
drinking  to  excess  and  after  a  hearty  meal,  he  suddenly  began  to 
vomit.  The  vomited  matter  consisted  at  first  of  the  food  in  the 
stomach,  and  later  of  a  brownish  fluid.  Vomiting  occurred  fre- 
quently during  the  four  subsequent  days,  irrespective  of  the  inges- 
tion of  food,  which  was  only  fluid  in  character.  There  was  never 
any  blood  in  the  vomited  matter.  There  was  moderate  diarrhoea 
for  the  first  three  days,  and  then  no  further  movement  of  the  bowels 
previous  to  admission.  Blood  was  not  present  iu  the  stools.  With 
the  onset  of  the  vomiting  he  suffered  from  pain  located  in  the  epi- 
gastrium and  in  the  lower  abdomen.  The  pain  was  acute  and  more 
or  less  constant  for  the  first  three  days.  For  the  two  days  previous 
to  admission  he  was  comparatively  free  from  suffering.  With  the 
occurrence  of  the  first  symptoms  of  his  illness  there  was  a  feeling 
of  chilliness,  but  no  distinct  chill. 

Examination  on  Admission.  The  patient  is  a  large,  muscular 
man,  well  nourished,  and  not  anajmic  in  appearance.  The  tongue 
is  very  dry  and  moderately  coated.  The  respirations  are  shallow, 
48;  the  pulse  is  full,  a  little  tense,  108;  temperature  (rectal),  101°. 
The  patient  is  very  restless,  anxious,  and  obviously  very  ill. 

Heart:  The  apex  is  in  the  fifth  space,  in  the  mid-clavicular  line. 
The  left  limit  of  cardiac  dulness  in  the  fifth  space  corresponds  with 
the  apex  impulse.     No  murmurs  are  appreciable. 

Lungs:  Negative  beyond  slight  dulness  at  both  bases  and  moder- 
ate subcrepitation  over  these  areas. 

Liver:  Percusses  from  the  sixth  rib  to  the  costal  arch  in  the 
mid-clavicular  line;  edge  not  palpable. 

Abdomen:  Is  moderately  distended,  with  considerable  rigidity 
of  the  abdominal  walls,  most  marked  in  the  upper  half.     There  is 
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moderate  sensitiveness  on  deep  palpation  and  slight  on  gentle  pal- 
pation, and  this  sign  is  not  obtained  uniformly  over  the  abdomen, 
but  at  several  points,  being  most  marked  over  the  epigastrium  and 
right  hypochondrium.  It  has  been  noted  that  the  liver-dulness  is 
not  obliterated,  but  fully  reaches  the  costal  arch  in  the  midclavicular 
line.  Over  the  liver  region  just  above  the  costal  arch,  and  also  over 
the  left  hypochondrium  in  the  anterior  axillary  line,  scanty  crepita- 
tion is  heard,  and  is  believed  to  indicate  an  involvement  of  the  peri- 
toneum. Signs  of  free  fluid  in  the  peritoneal  cavity  are  not  obtained. 
Abdominal  respiratory  movement  is  present,  but  diminished.  The 
urine  is  free  from  albumin  and  sugar;  specific  gravity,  1.025.  It 
contains  a  few  hyaline  and  granular  casts. 

Lavage  was  immediately  given,  and  a  yellowish-brown  fluid,  with- 
out odor,  considerably  larger  in  amount  than  that  introduced,  was 
returned  by  siphonage. 

A  general  peritonitis  was  believed  to  exist;  the  causative  lesion 
was  judged  to  be  either  an  acute  pancreatitis  or  a  perforating  ulcer 
of  the  duodenum. 

On  consultation  with  my  colleague.  Dr.  McBurney,  an  exploratory 
laparotomy  in  the  pyloric  region  was  decided  upon.  The  patient's 
condition,  however,  so  rapidly  became  worse,  the  heart  very  sud- 
denly failing,  that  surgical  interference  was  not  deemed  advisable. 

Death  occurred  sixteen  hours  after  admission.  Large  quantities 
of  a  yellowish-brown  fluid  were  repeatedly  vomited  during  this 
period.  The  patient  suffered  little  pain,  and  there  were  no  fur- 
ther symptoms  other  than  those  of  collapse. 

Autopsy.  Anatomical  diagnosis:  Diffuse  suppurative  gastritis; 
general  peritonitis. 

Frame  large.  Adipose  considerable.  Muscle  fairly  developed. 
Heart:  Weight,  12J  ounces.  Pericardium,  normal;  valves,  normal; 
muscle,  normal. 

Lungs:  Moderately  congested  at  bases;  a  few  old  adhesions  of 
pleurse. 

Liver:  Weight,  73 J  ounces;  firm  in  consistence;  surface  deeply 
congested  in  places;  for  the  most  part  pale;  on  section,  pale;  other- 
wise normal  in  appearance;  a  few  old  adhesions  present  and  some 
recent  fibrin.  Gall-bladder:  Filled  with  pale  brown,  very  viscid 
bile. 
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Spleen:  Weight,  5J  ounces;  surface  smooth;  consistence  soft; 
on  section,  coarsely  mottled,  pale,  and  dark  red. 

Pancreas:  Normal  in  appearance  and  on  section. 

Adrenals:  Normal  in  appearance  and  on  section. 

Kidneys:  Left,  weight  6J  ounces;  capsule  adherent,  surface 
smooth;  on  section,  normal  in  appearance.  The  right  kidney  is 
similar  in  weight  and  appearance  to  the  left. 

Ureters,  bladder,  prostate,  and  seminal  vesicles  normal. 

Abdomen:  The  peritoneal  cavity  contains  a  moderate  quantity  of 
turbid  fluid.  There  is  a  small  amount  of  fibrinous  exudate  adher- 
ing to  the  surface  of  the  peritoneum  at  various  points.  The  omen- 
tum is  adherent  to  the  mesentery  by  firm,  slender  bands,  across 
which  hang  some  loops  of  small  intestine. 

Stomach:  Normal  in  size;  its  walls  are  greatly  thickened,  extra- 
ordinarily so  in  the  pyloric  region;  on  section,  the  thickening  is 
seen  to  be  due  to  a  purulent  infiltration  of  the  submucosa.  At  the 
pylorus  and  to  a  point  three  inches  from  it  the  thickness  of  the 
submucosa  throughout  the  circumference  of  the  walls  is  fully  an 
inch.  Elsewhere  its  thickness  is  a  little  less,  and  is  very  uniform. 
The  process  is  sharply  limited  at  the  pyloric  ring.  Not  so  at  the 
cardiac  orifice,  where  it  extends  upward  to  a  point  about  two  inches 
from  the  orifice.  The  infiltration  is  of  a  yellowish  white  color,  and 
is  firm  and  solid;  only  a  little  watery  fluid  exudes  on  firm  pressure. 
It  separates  the  mucous  from  the  muscular  coat  with  great  distinct- 
ness, both  of  these  coats  standing  out  prominently  on  either  side  of 
it.  The  surface  of  the  mucosa  is  uneven  and,  in  places,  greatly 
congested,  especially  near  the  cardiac  end.  The  muscular  coat  is 
slightly  swollen.  On  the  posterior  wall  of  the  stomach,  near  the 
lesser  curvature  and  three  inches  from  the  pylorus,  there  is  a  linear 
cicatrix,  an  inch  and  a  quarter  in  length.  At  the  lower  end  of  the 
cicatrix  there  is  a  small  area,  necrotic  in  appearance. 

Microscopical  Report.  (From  the  pathological  laboratory  of  the 
hospital,  by  Dr.  Berkeley.)  Minute  anatomy  of  the  stomach  wall: 
Note. — Tissue  hardened  in  formalin  and  alcohol,  mounted  in  cel- 
loidin,  stained  with  the  usual  reagents. 

The  serous  and  subserous  layers  show  irregular  thickening  and 
infiltration  with  round  cells.  The  endothelial  covering  is  in  most 
places  entirely  lost. 
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Muscular  coat:  The  fibres  of  the  muscular  layer  are  swollen  and 
much  distorted.  The  connective  framework  is  everywhere  crowded 
with  leucocytes.  These  leucocytes  are  of  unusual  size,  are  mainly 
mononuclear,  and  the  nuclei  are,  as  a  rule,  round,  more  rarely 
crescentic  or  irregular.  There  are  a  few  apparently  polynuclear 
forms.  Some  of  these  have  penetrated  even  between  the  individual 
muscular  strands. 

Submucosal  This  layer  is  enormously  thickened,  measuring  in 
certain  places  three-fourths  of  an  inch  even  in  the  hardened 
section.  It  has  evidently  been  the  main  seat  of  the  bacterial 
infection.  Its  fibres  are  widely  separated  by  quantities  of  fibrin, 
leucocytes,  lymphocytes,  and  complete  strata  of  bacteria.  The 
violence  of  the  inflammation  has  caused  extensive  areas  of  par- 
tial or  complete  necrosis ;  in  these  only  the  faintest  outlines  of 
cells  and  fibrils  are  still  distinguishable.  The  lymphatics  are  here 
and  there  gorged  with  microbes.  Between  the  submucosa  and  the 
mucosa  proper  the  necrotic  spaces  are  less  numerous,  but  vast 
numbers  of  lymphocytes  (many  more  than  those  normally  present) 
are  to  be  found.  The  muscularis  mucosae  is  generally  in  place, 
and  unexpectedly  enough  seems  to  have  participated  in  the  patho- 
logical process  less  than  any  other  layer  of  the  entire  stomach. 

Mucosa:  This  is  preserved  in  a  few  places.  Here  the  peptic 
glands  are  in  various  states  of  inflammation  and  degeneration. 
The  nuclei  of  the  glandular  cells  stain  everywhere  ill  or  not  at  all. 
The  protoplasm  is  markedly  granular.  In  other  portions  the 
mucosa  is  eroded,  or  necrotic,  or  quite  absent.  Sections  made 
through  the  necrotic  part  of  the  old  cicatrix  referred  to  in  the 
description  of  the  macroscopical  appearances  (by  Dr.  Kinnicutt) 
show  that  at  one  point  the  infiltrated  submucosa  is  completely  ex- 
posed by  a  deep  erosion  in  the  inflamed  and  necrotic  mucosa. 
Whether  or  not  this  was  the  point  of  original  pyogenic  infection 
does  not,  of  course,  admit  of  demonstration;  such  a  hypothesis,  how- 
ever, seems  reasonable. 

In  respect  of  the  anatomical  extent  of  the  inflammation,  it  is 
rather  strange  that  while  the  phlegmonous  swelling  is  perfectly 
and  clearly  delimited  on  the  left  by  the  pyloric  valve  of  the 
stomach,  the  lower  (cardiac)  end  of  the  gullet  has  not  escaped;  the 
latter  shows  for  some  distance  upward  practically  the  same  changes 
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found  in  the  stomach  wall,  viz.,  swelling,  softening,  intense  cellular 
infiltration,  and  a  countless  number  of  micro-organisms.  Through 
the  stomach  itself  the  infiltration  is  universal,  and  the  degree  of 
swelling  is  high  everywhere. 

The  bacteriological  examination  shows  the  practically  universal 
presence  of  a  streptococcus.  It  is  most  abundant  in  the  connective 
tissue  of  the  submucosa  and  muscularis.  Some  of  the  individual 
chains  are  quite  long,  being  made  up  of  eight  or  ten  members. 
Most  are  shorter.  Contrary  to  the  classic  descriptions,  few  or  no 
cocci  are  to  be  found  inside  the  leucocytes.  The  strata  mentioned 
above  are  made  up  almost  entirely  of  these  chain  cocci.  The 
lymphatics  contain  not  so  many  cocci  as  bacilli  The  latter  are 
long,  with  deeply  stained  ends  (spores?).  They  are  possibly  of 
post-mortem  origin,  inasmuch  as  they  are  abundant  in  the  super- 
ficial vessels.  Xo  cultures  were  made  from  the  stomach,  but  films 
made  from  the  exudate  on  the  cut  surface  show  that  the  strepto- 
coccus is  the  prevailing  pathogenic  organism. 
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DISCUSSION. 

Dr.  Welch:  I  recall  a  case  of  diffuse  phlegmonous  gastritis  which  I 
exaaiined  at  autopsy  several  years  ago  at  Bellevue  Hospital,  New  York. 
The  patient  was  a  man  beyond  middle  life,  with  a  history  of  chronic  alco- 
holism. Abdominal  pain,  vomiting,  and  fever  were  among  the  symptoms, 
the  diagnosis  during  life  being  acute  peritonitis.  The  walls  of  the  stomach 
were  nearly  one  centimetre  in  thickness  and  were  diffusely  affected,  although 
the  pyloric  region  was  the  most  thickened.  The  thickening  was  most  marked 
in  the  submucosa,  which  presented  a  yellowish-white,  rather  firm  appear- 
ance. There  was  no  tumor  or  large  ulceration,  but  small  drops  of  pus  could 
be  squeezed  in  many  places  from  the  surface  of  the  mucosa  as  through  a 
sieve,  and  also  from  the  incised  wall  of  the  stomach.  There  was  diffuse 
seropurulent  peritonitis. 

The  microscope  showed  an  immense  diffuse  infiltration  of  the  submucous 
coat  with  leucocytes,  chiefly  polymorphonuclear.  In  scattered  foci  were 
small  submucous  abscesses.  Lines  of  pus  cells  extended  up  between  the 
gastric  tubules  and  opened  upon  the  free  surface.  The  accumulation  of  pus 
cells  was  most  abundant  in  the  inner  layers  of  the  submucosa  near  the  mus- 
cularis  mucosae,  but  the  outer  layers  were  also  infiltrated,  and  strands  of  pus 
cells  extended  through  the  muscular  coats,  the  intermuscular  and  subserous 
layers  of  connective  tissue  being  considerably  thickened  by  purulent  infiltra- 
tion. The  peritonitis  appeared  to  be  secondary  to  the  phlegmonous  gastritis. 
I  did  not  at  the  time  of  the  autopsy  examine  for  the  presence  of  bacteria,  but 
I  have  since  done  so,  and  have  been  able  to  discover  in  the  microscopical 
section  numerous  streptococci. 

Phlegmonous  gastritis  was  described  by  Brinton  under  the  peculiar  name 
of  "  suppurative  linitis,"  and  I  recall  that  in  my  student  days  we  were 
expected  to  know  about  it  under  this  latter  designation. 

Dr.  Janeway  :  I  have  met  with  three  primary  and  two  secondary  cases. 
The  first  case  was  in  a  physician,  and  has  been  reported  by  Dr.  Loomis.  He 
was  not  a  drinking  man,  but  a  hard-working  inspector  of  the  Board  of  Health 
of  New  York  City.  The  second  case  was  the  one  referred  to  by  Dr.  Kinni- 
cutt,  and  the  third  I  saw  in  consultation  with  the  late  Dr.  E.  A.  Maxwell,  of 
New  York.  In  this  case  I  was  enabled  to  make  a  diagnosis  of  the  condition 
by  the  development  of  the  perigastritis  after  the  irritating  severe  gastric 
symptoms.  The  two  secondary  cases  followed  sepsis,  and  were  not  so  gen- 
erally diffuse  as  this,  but  spots  of  suppurative  gastritis  were  found. 


STUDY  OF  A  MUMMY  AFFECTED  WITH  ANTERIOR 
POLIOMYELITIS. 


By  JOHN  K.  MITCHELL,  M.D. 

OF  PHILADELPHIA. 


In  the  Archaeological  Museum  of  the  University  of  Pennsylvania 
there  is  the  skeleton  of  an  Egyptian,  of  a  period  about  3700  years  be- 
fore Christ,  which  presents  some  problems  of  interest.  Mr.  Flinders 
Petrie  found  this  mummy  at  Deshasheh,  a  village  on  the  western 
edge  of  the  plain,  some  eighty  miles  south  of  Cairo.  Although  the 
tomb  had  been  rifled,  the  style  of  burial  indicated  suflSciently  that  the 
body  was  that  of  a  man  of  the  better  class.  The  coffin  is  hewn  out 
of  a  single  great  log  of  sycamore ;  in  the  end  the  rings  of  growth  may 
still  be  counted  with  ease  enough  to  determine  the  tree  as  not  less 
than  three  hundred  years  old  when  it  was  fashioned.  A  straight 
stick  about  four  feet  in  length  and  half  an  inch  in  diameter  lay  along- 
side the  body,  broken  in  three  pieces.  It  was  observed  by  Mr.  Petrie 
that  the  man  had  one  leg  much  shorter  than  the  other,  and  he  sup- 
posed the  thigh  to  have  been  broken ;  but,  as  will  be  seen,  there  is 
no  evidence  of  this. 

The  bones,  which  are  exceedingly  light  and  fragile  from  age,  have 
been  carefully  articulated,  and  except  for  certain  small  losses  of  sub- 
stance where  they  have  crumbled  away,  are  in  good  preservation,  and 
their  sizes  and  relations  are  readily  studied. 

The  skeleton  is  that  of  a  small  male,  the  extreme  height  being 
1.63  metre.  Making  allowance  for  flesh  and  cartilage,  the  subject 
in  life  could  scarcely  have  exceeded  5  feet  5J  to  6  inches.  That  he 
was  an  old  man  is  shown  by  the  ossification  of  the  rib  cartilages,  the 
obliteration  of  the  sutures  in  the  skull,  and  by  the  much-worn  grind- 
ing surfaces  of  the  remaining  teeth.  The  general  capacity  of  the 
skull,  the  square  and  well-formed  jaw  and  facial  angle  all  indicate 
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character  and  intellect,  and  confirm  the  belief  suggested  by  the 
methods  of  burial  and  preservation,  that  the  man  belonged  to  the  edu- 
cated and  wealthy  governing  or  upper  class.  One  notices  at  once 
that  the  left  leg  is  considerably  shorter  than  the  right,  and  at  first 
sight  the  femur  of  the  left  side  seems  heavier  and  thicker  than  the  right 
one.  Measurement,  however,  makes  it  evident  that  the  left  femur's 
apparent  greater  circumference  is  only  due  to  its  shortening  and  to  the 
strongly  marked  ridges  at  the  site  of  the  muscular  attachments,  which 
suggest  that  the  muscles  may  have  even  been  hypertrophied  on  that 
side.  With  this  exception  the  left  femur  is  imperfectly  developed  in 
all  directions. 

The  left  femur  is  8.2  cm.  shorter  than  the  right,  raund  the  middle 
of  its  shaft  it  is  1.2  cm.  less;  the  neck  is  0.4  cm.  less  in  circumfer- 
ence. Condyloid  measurements  could  not  be  compared,  as  the  left 
condyles  are  somewhat  crumbled.  The  necks  of  the  femora  are  the 
same  length  on  both  sides.  There  is  no  sign  of  fracture  or  injury  to 
the  bone  of  the  left  thigh.  Only  a  very  minute  and  practically  neg- 
ligible difference  can  be  made  between  the  bones  of  the  lower  leg  on 
the  two  sides,  not  more  than  0.5  cm.,  an  amount  of  difference  often 
exceeded  in  healthy  limbs ;  but  it  should  be  said  that  though  the 
shortening  is  very  slight  it  is  on  the  left  side. 

So  far  as  can  be  told  the  bones  of  the  feet  are  unaff"ected,  but  as  the 
terminal  phalanges  have  crumbled  almost  entirely  away,  nothing  can 
be  stated  with  certainty  about  them. 

The  pelvis  is  perfectly  formed  and  the  vertebrae  present  no  sign  of 
unequal  or  imperfect  development,  so  that  evidence  is  wanting  of  any 
compensatory  curvature,  such  as  might  be  expected  in  a  patient  who 
had  come  to  old  age  with  one  leg  three  inches  shorter  than  the  other. 
These  facts  and  the  marked  prominences  for  muscle  attachment  on 
the  surface  of  the  short  thigh  bone  suggest  that  during  life  some 
means  of  compensating  for  the  shortening  must  have  been  used,  such 
as  a  high-soled  shoe,  or  rather  sandal,  might  afford,  the  additional 
weight  of  which  perhaps  aided  in  bringing  about  a  certain  degree  of 
hypertrophy  of  the  thigh  muscles  on  the  affected  side.  Moreovei,  the 
stick  found  in  the  coffin,  as  my  friend,  Dr.  Edward  Martin,  who  at 
my  request  remeasured  the  bones  and  examined  them  for  evidence  of 
injury,  ingeniously  suggested,  is  too  long  and  slender  to  have  served 
as  a  support,  and  must  have  been  merely  a  balancing  staff. 
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The  impossibility  of  cross-examination  of  the  patient  on  his  early 
history  leaves  us  free  to  conjecture  as  to  the  cause  of  the  diflficulty, 
but  nothing  seems  so  probable  as  that  the  defect  of  growth  is  due  to 
an  attack  of  poliomyelitis,  perhaps  even  an  intra-uterine  one.  It  is 
certainly  unusual,  though  not  unheard  of,  that  only  one  segment  of  a 
limb  should  be  affected ;  but  this  disease  is  notoriously  irregular 
in  its  distribution ;  for  example,  when  it  occurs  in  the  arms  it  is 
sometimes  limited  to  the  upper,  sometimes  to  the  lower  arm.  Every 
one  knows  how  constantly  the  anterior  tibial  muscles  remain  weak 
when  other  muscles  make  fair  recovery  from  their  palsy,  insomuch 
that  one  is  inclined  to  consider  such  a  weakness  as  a  sign  indicative  of 
infantile  paralysis  where  the  cause  of  a  lameness  is  doubtful.  Yet  at 
this  moment  I  am  treating  a  patient  in  whom  bilateral  infantile  par- 
alysis of  the  anterior  thigh  muscles  is  present,  while  the  anterior 
tibials  on  both  sides  are  perfectly  sound.  No  theory  has  been  pro- 
posed which  will  account  for  the  frequency  with  which  these  groups 
are  picked  out,  nor,  indeed,  anyone  which  will  adequately  explain  why 
the  disease  should  affect  only  the  anterior  cornua.  What  is  curious 
is  that  I  cannot  find  in  the  dozen  great  works  of  reference  which  I 
have  consulted  in  the  effort  to  settle  this  small  point,  any  categorical 
statement  as  to  whether  the  growth  of  one  bone  alone  may  be  affected 
and  its  attached  muscles  escape,  or  be  affected  with  it  and  recover 
later.  The  subject  is  one  for  larger  discussion  and  study — and  I  have 
been  concerned  with  the  presentation  only  of  what  is,  if  my  supposition 
of  the  causation  is  correct,  the  earliest  known  case  of  infantile  palsy, 
although  Dr.  Osier  has  hinted  his  opinion^  that  the  lameness  of  Jona- 
than's son,  Mephibosheth,  was  due  to  this  trouble,  an  opinion  founded, 
I  fear,  on  even  slenderer  bases  of  fact  than  the  one  here  expressed. 

1  See  Osier's  "  Practice,"  Art.  Infantile  Palsy,  and  II  Samuel,  iv.,  4. 


A  CASE   OF  MULTIPLE  MYELOMA. 
By  JAMES  H.  WEIGHT,  M.D., 

OP  BOSTON. 

(Plates  I— III.) 

{From  the  Clinico- Pathological  Laboratory  of  the  Massachusetts  General  Hospital.) 


Multiple  myeloma  may  be  defined  as  a  primary  neoplasm  of  the 
bone-marrow,  affecting  chiefly  the  sternum,  the  ribs,  the  vertebrae  and 
the  skull ;  the  substance  of  the  bone  being  more  or  less  extensively 
replaced  by  the  tumor  tissue.  The  neoplasm  may  invade  the  neigh- 
boring soft  parts  by  continuity  of  growth,  but  it  probably  never  forms 
metastases,  as  do  the  common  malignant  tumors.  The  disease  usually 
occurs  in  men  in  the  latter  half  of  life.  Probably  it  has  been  con- 
founded with  osteomalacia  in  some  cases. 

The  affection  was  first  recognized  and  described  as  a  definite  path- 
ological condition,  in  1873,  by  J.  von  Rustizky,^  who  gave  it  the  name 
of  multiple  myeloma.  Since  that  time  at  least  seventeen  cases  of 
multiple  primary  bone  tumors,  presenting  the  essential  characteristics 
of  multiple  myeloma,  have  been  reported.  To  this  number  should  be 
added  two  previous  cases,  one  reported  by  Bence-Jones^  and  Mackin- 
tyre^  and  one  by  Weber.'* 

From  the  great  similarity  of  the  lesions  in  these  cases  it  might  be 
expected  that  the  histological  characters  of  the  neoplasms  would  be 
the  same  in  all  the  cases.  This,  however,  is  not  so.  A  great  diver- 
sity exists  in  the  results  of  the  histological  examinations  of  the  cases 
in  which  such  examinations  have  been  made.  The  neoplasm  has  been 
called  lymphosarcoma,  myelogenous  pseudoleukaemia,  lymphadenoma, 

1  Deutsch.  Zeitschrift  f.  Chirurg..  1873,  Bd.  iii.,  S.  162. 

2  Philosophical  Transactions  of  the  Roj'al  Society,  1848. 

3  Medico-Chirurgical  Transactions,  1850. 

*  Transactions  of  the  Pathological  Society,  London,  1867. 
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hyperplasia  of  the  marrow,  vascular  endothelioma,  and  different  types, 
of  sarcoma.  Nearly  all  of  the  descriptions  of  the  finer  details  of 
the  cells  are  inadequate  and  unsatisfactory,  so  that  it  is  impossible  to 
determine  whether  any  two  of  the  cases  are  identical  or  not  in  their 
histological  characteristics.  In  at  least  eight  of  the  cases,  however, 
the  tumors  were  made  up  essentially  of  cells  which  were  variously 
described  as  small  round  cells,  or  as  lymphoid  cells,  or  as  cells  like 
marrow  cells,  or  as  cells  of  round-cell  sarcoma,  or  as  round  or  polyg- 
onal cells,  1-2000  of  an  inch  in  diameter.  The  neoplasm  in  all  these 
cases  was  probably  one  and  the  same  in  microscopical  structure,  and 
it  is  to  this  group  that  the  case  here  reported  probably  belongs. 

An  interesting  feature  of  the  present  case  was  that  the  urine  con- 
tained albumose.  The  association  of  albumosuria  with  multiple  mye- 
loma and  osteomalacia  has  been  observed  in  a  number  of  cases  since 
Bence-Jones^  discovered  this  substance  in  the  urine  of  his  case.  The 
clinical  importance  of  this  fact  has  been  emphasized  by  Dr.  R.  H. 
Fitz^  in  a  paper  in  which  the  present  case  is  referred  to,  and  also  by 
Drs.  Bradshaw  and  Warrington  in  a  recent  paper.^ 

The  case  here  reported  was  under  the  care  of  Dr.  R.  H.  Fitz,  who 
made  the  diagnosis  of  multiple  myeloma  from  the  presence  of  a  tumor 
of  the  sternum,  lesions  in  the  ribs  and  from  the  albumosuria.  The 
Rontgen  rays  proved  of  great  service  in  recognizing  the  existence  of 
lesions  in  the  ribs. 

The  patient,  a  man  fifty-four  years  of  age,  entered  the  Massa- 
chusetts General  Hospital,  February  24,  1898.  About  a  year  before 
entrance  he  had  noticed  for  the  first  time  a  small  tumor  at  about  the 
level  of  the  nipples.  This  had  grown  steadily  in  size.  At  times, 
especially  at  night,  he  had  had  pain  in  the  axilla.  This  pain  seemed 
to  the  patient  to  be  connected  with  the  tumor. 

About  four  years  previously  he  had  noticed  that  at  times  he  walked 
like  a  drunken  man.  Later  he  had  to  use  a  cane  in  order  to  walk. 
His  feet  felt  numb,  but  the  sense  of  touch  and  the  muscular  sense 
were  retained.  There  never  had  been  pains  in  the  legs  and  never 
spells  of  severe  vomiting.     For  some  time  he  had  had  double  vision, 

1  Loc.  cit. 

2  Transactions  of  the  Association  of  American  Physicians,  1898.    American  Journal  of  the 
Medical  Sciences,  July,  1898. 

3  Transactions  of  the  Royal  Medical  and  Chirurgical  Society,  1899. 
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loss  of  sexual  power,  and  some  incontinence  of  urine.  He  gave  a 
fairly  good  history  of  syphilis. 

At  the  time  of  admission,  or  shortly  afterward,  the  following  facts 
were  noted :  Pupils  equal  and  react  to  light  and  accommodation. 
Slight  strabismus  of  the  right  eye.  In  the  sternal  region  at  about 
the  level  of  the  nipples  a  rounded  tumor,  about  four  and  one-half 
inches  in  greatest  diameter,  elevating  the  skin.  This  tumor  has  a 
smooth  surface,  is  rather  soft,  and  is  slightly  pulsating.  In  the  left 
back  near  the  middle  of  the  vertebral  column  a  small  area  of  dulness 
about  the  size  of  the  palm  of  the  hand.  In  connection  with  the  ribs 
at  the  back  there  are  several  tumor  nodules. 

Examination  with  the  Rontgen  rays  showed  changes  in  the  fifth, 
sixth,  seventh,  eighth,  eleventh,  and  twelfth  ribs  posteriorly  on  the 
left  side,  and  in  the  seventh  and  eighth  ribs  on  the  right  side  between 
the  angle  of  the  scapula  and  the  spine.  The  knee-jerks  exaggerated. 
Pronounced  ankle  clonus.  No  disturbance  of  sensibility.  No  atrophy. 
Good  muscular  power. 

Shoes  worn  at  the  toes  and  the  outer  side  of  the  median  line.  No 
increase  in  the  arm  reflexes.  >   No  fever. 

Urine  examination  :  Albumose  in  abundance.  Slight  trace  of  serum 
albumin.     Pus  as  sediment.     Urea,  0.76  per  cent. 

Blood  examination  :  Haemoglobin,  60  per  cent.  Whites,  5000. 
Reds,  4,700,000. 

During  the  next  four  months  the  condition  of  the  patient  remained 
practically  stationary.  The  tumors  of  the  ribs  increased  somewhat  in 
size,  but  the  tumor  of  the  sternum  did  not.  In  the  head,  at  the  junc- 
tion of  the  sagittal  suture  with  the  lambdoidal  suture,  a  soft  tumor  the 
size  of  a  filbert  appeared.  The  urine  continued  to  contain  albumose, 
the  analysis  by  Dr.  Edward  S.  Wood,  in  March,  showing  0.33  and 
0.34  gramme  in  100  ccm.  of  urine.  In  the  same  quantity  of  urine 
there  was  also  0.03  gramme  of  serum  albumin. 

After  about  four  months  the  patient  began  to  grow  rapidly  weak 
and  to  suffer  much  pain.  Finally  he  became  unconscious  and  died 
July  26,  1898. 

The  autopsy  was  performed  twenty-two  hours  after  death.  An 
abstract  of  the  autopsy  records  of  the  pathological  laboratory  is  as 
follows : 

The  sternum  in  its  inferior  and  median  portions  is  much  increased 
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in  thickness,  bulging  externally  to  form  a  flattened,  somewhat  fluc- 
tuant tumor,  about  9  cm.  in  diameter,  beneath  the  soft  tissues,  and 
also  bulging  internally  to  form  a  lobulated  tumor  mass.  A  longitu- 
dinal section  through  the  sternum  shows  the  bony  tissue,  except  at 
the  extremities  of  the  bone,  almost  entirely  replaced  by  a  tissue  which 
is  partly  soft,  mushy,  grayish-red  to  dark-red  in  color,  and  partly 
moderately  firm,  whitish,  and  semitranslucent.  In  the  superior  medi- 
astinum, and  loosely  attached  to  the  sternum,  are  two  or  three  soft 
tumors,  the  largest  the  size  of  a  chestnut. 

The  sixth  and  eleventh  ribs  on  the  left  side  lose  their  continuity 
near  the  spinal  column  in  a  soft,  mushy,  red  tissue,  somewhat  resem- 
bling red  marrow.  This  tissue  forms  tumor  masses  beneath  the  pleura 
at  these  points,  the  largest  being  about  the  size  of  a  hen's  egg.  The 
tenth  rib  on  the  right  side  and  the  eleventh  rib  on  the  left  side  pre- 
sent comminuted  fractures.  There  are  also  callus-like  thickenings 
on  the  seventh  and  eighth  ribs  on  the  left  side,  and  on  the  fourth, 
seventh,  and  eighth  ribs  on  the  right  side.  The  ribs  in  general  seem 
more  friable  than  normal. 

The  bodies  of  several  of  the  dorsal  vertebrae  are  found  to  contain 
larger  and  smaller  soft,  red  masses  of  material  like  red  marrow,  filling 
cavities  in  the  spongy  bone.  These  masses  are  chestnut-sized  in  two 
or  three  instances. 

In  the  approximate  situation  of  the  spinous  processes  and  laminae 
of  the  seventh  and  eleventh  dorsal  vertebrae  are  two  masses  of  soft, 
mushy,  grayish-red  material,  each  less  than  a  pigeon's  egg  in  size. 
These  have  replaced  the  bony  structure.  The  spinal  cord  is  not 
pressed  upon  by  these  masses,  and  in  hardened  sections  showed  no 
definite  lesions.  The  dura  mater  is  more  adherent  than  normal  to 
the  pia  mater  of  the  cord.  The  latter  membrane,  chiefly  in  the  dorsal 
region,  is  thickened,  and  opaque  whitish  in  color. 

The  marrow  of  the  shaft  of  the  right  femur  is  yellow  and  oily. 

In  the  occipital  bone  there  is  a  circular  defect  about  3  cm.  in 
diameter,  filled  with  a  soft  grayish  to  dark-red  tissue,  and  having  a 
worm-eaten  margin.  In  the  frontal  bone  there  is  a  similar  defect 
filled  with  a  similar  red  tissue. 

Other  conditions  observed  were:  Bronchopneumonia  and  acute 
pleuritis  of  the  inferior  lobe  of  the  right  lung ;  oedema  of  lungs  ;  senile 
degeneration  of  the  kidneys  ;  chronic  interstitial  orchitis. 
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Histological  Examination.  Most  of  the  material  taken  for  his- 
tological purposes  was  hardened  in  Zenker's  fluid.  The  remainder 
was  hardened  in  Flemming's  solution.  Sections  were  cut  in  paraffin 
and  in  celloidin. 

In  preparing  sections  sufficiently  thin  for  photographing  at  high 
magnifications  the  new  Minot-Blake  microtome^  was  used  with  great 
advantage.  The  sections  were  stained  in  various  ways,  eosin  and 
Unna's  alkaline  methylene-blue  solution,  and  fuchsin,  either  alone  or 
in  combination  with  aurantia,  being  found  most  useful. 

The  neoplasms  in  the  sternum,  ribs,  vertebrae,  and  skull  consist  of 
one  and  the  same  tissue.  This  tissue  is  chiefly  made  up  of  small  cells 
closely  crowded  together.  Interspersed  among  these  cells  are  rather 
numerous  thin-walled  bloodvessels,  usually  about  the  size  of  an  ordi- 
nary capillary  or  a  little  larger.  (Plate  II ,  Figs.  4  and  5.)  A  few 
delicate  fibrillae  are  also  present  among  the  cells,  but  these  are  difficult 
to  see,  so  that  the  tissue  at  the  first  glance  seems  to  have  no  support- 
ing framework  for  its  cells  except  the  thin-walled  bloodvessels.  These 
fibrillae  are  best  seen  in  sections  hardened  in  Flemming's  solution, 
where  they  appear  as  delicate  strands  of  irregular  course.  (Plate  II., 
Fig.  5.) 

The  cells  of  the  tissue  are,  as  a  rule,  circular  in  outline,  and  are 
somewhat  variable  in  size.  Most  of  the  cells  measure  six  to  eight 
micra  in  diameter  in  the  hardened  section.  They  seem  to  have  no 
cell  membrane. 

The  nuclei  are  round  or  slightly  oval  in  outline,  and  have  a  well- 
marked  nuclear  membrane.  They  vary  somewhat  in  diameter,  which 
is  usually  about  one-half  or  two-thirds  that  of  the  cell.  They  are 
often  situated  eccentrically  in  the  cell.  A  few  are  considerably  larger 
than  the  average. 

A  striking  characteristic  of  the  nuclei  is  the  presence  of  a  variable 
number  of  intensely  staining  chromatin  masses,  of  round  or  oval  out- 
line, continuous  with  the  nuclear  membrane  and  projecting  from  it 
into  the  interior  of  the  nucleus.  There  is  also  a  well-marked  round 
globule  of  chromatin  in  the  centre  of  the  nucleus.  This,  in  specimens 
stained  with  Unna^s  alkaline  methylene-blue  solution  and  eosin,  may 
be  sometimes  observed  to  have  a  distinctly  red  color,  if  the  blue  stain- 

1  Francis  Blake.    "  A  New  Microtome."    Journal  of  the  Boston  Society  of  Medical  Sciences, 
April,  1899.    ■ 
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ing  be  rather  weak,  while  the  nuclear  membrane  and  the  globules 
connected  with  it  are  stained  blue. 

A  few  cells  have  two  nuclei  and  a  very  few  three  nuclei. 

Karyomitosis  is  not  seen  in  any  of  the  cells,  but  a  very  few  cells 
are  seen  having  elongated,  or  hour-glass  shaped,  or  dumb-bell  shaped 
nuclei ;  and  also  cells  having  two  nuclei  connected  together  by  a  thin 
band  or  filament  of  chromatin,  as  well  as  cells  having  two  nuclei,  as 
above  described.  In  vi^w  of  the  absence  of  nuclear  figures  these  ap- 
pearances suggest  the  idea  that  these  cells  multiplied  by  direct  cell 
division.  They  might,  however,  be  interpreted  as  the  result  of  de- 
generative change. 

The  cytoplasm  of  the  cells  is  homogeneous,  and  in  some  of  the 
sections,  after  staining  with  eosin  and  Unna's  alkaline  solution  of 
methylene-blue,  it  takes  the  bluish  stain,  while  in  others  it  takes  a 
purplish  tint,  or  it  may  be  stained  with  the  eosin  alone,  depending, 
apparently,  on  the  relative  intensity  of  the  staining  with  the  two  dyes. 

In  many  of  the  cells  the  cytoplasm  at  the  central  portion  does  not 
stain  as  deeply  as  the  peripheral  portion,  so  that  it  appears  distinctly 
paler. 

The  tumor  cells  are  very  different  from  the  majority  of  the  cells  of 
the  red  marrow.     This  is  shown  in  Plate  III ,  Figs.  6  and  7. 

From  the  foregoing  description,  and  from  the  photographs,  it  should 
be  clear  that  these  cells  are,  at  least,  closely  related  to  the  so-called 
'*  plasma  cells  ''  of  Unna.  Most  of  these  cells  have  all  the  appearances 
of  "plasma  cells,"  except  that  the  cytoplasm  does  not  in  all,  cases 
show  a  marked  affinity  for  methylene-blue  as  does  the  typical  "  plasma 
cell."  In  the  opinion  of  the  writer  these  cells  are  essentially  "  plasma 
cells,"  or  immediate  descendants  of  them,  and  their  deviations  from 
the  type  of  the  parent  cell  are  quite  analogous  to  those  seen  in  the 
cells  of  other  neoplasms. 

Most  of  the  bloodvessels  of  the  tissue  are  made  up  of  endothelial 
cells  only  (Plate  II.,  Fig.  5),  but  occasionally  a  few  fibres  of  con- 
nective tissue  may  be  seen  just  outside  the  endothelium.  The  majority 
of  these  vessels  are  like  ordinary  capillaries  in  size ;  some  of  them, 
however,  are  larger  and  of  variable  diameter,  but  none  of  them  have 
any  muscular  tissue  in  their  walls,  which,  at  the  most,  have  only  a 
little  connective  tissue  outside  the  endothelium. 

In  some  sections  red-blood  corpuscles  in  considerable  numbers  are 


MULTIPLE    MYELOMA.  143 

present  among  the  cells  of  the  tissue.  This  is  regarded  either  as  the 
result  of  hemorrhage  or  as  an  artefact  produced  in  removing  the  tissue 
from  the  body. 

No  necrosis  of  the  cells  is  to  be  seen,  nor  any  fatty  degeneration. 

As  above  stated,  various  ribs  presented  small  thickenings  and  signs 
of  fracture.  Sections  through  five  ribs  at  about  the  seat  of  these  lesions 
were  studied.  All  of  these  show  more  or  less  extensive  replacement 
of  the  red  marrow  and  of  the  bony  trabecule  of  the  spongiosa,  as  well 
as  of  the  cortical  bone,  in  places,  by  a  tissue  such  as  is  described 
above.  In  one  section  this  tissue  has  totally  replaced  the  substance 
of  the  rib  at  that  point,  and  has  extended  beyond  its  original  limits, 
elevating  the  periosteum  and  the  pleural  tissue,  thus  forming  one  of 
the  tumors  noted  in  the  continuity  of  the  rib. 

Another  section  shows  a  mass  of  the  tumor  tissue  in  the  spongiosa 
in  process  of  growing  through  the  cortical  bone.  (Plate  I.,  Fig.  1.) 
In  various  places  in  the  spongiosa  of  the  ribs,  larger  and  smaller 
aggregations,  or  nodules,  of  tumor  cells  are  present.  They  are  not 
sharply  defined  from  the  surrounding  marrow,  but  merge  into  it. 
(Plate  I.,  Fig.  1.)     Some  of- these  are  microscopic  in  size. 

In  thin  sections  of  one  of  these  ribs  are  seen  cells  identical  with 
those  of  the  tumors,  scattered  here  and  there  singly  and  in  groups 
through  the  marrow  spaces  and  among  the  narrow  cells. 

The  cortical  bone  is  absent  in  many  places,  or  it  is  represented  by 
strips  and  islands  of  a  granular,  shrunken,  abnormally  staining  bone. 
In  only  a  few  instances  were  osteoclasts  seen  associated  with  this  evi- 
dently degenerate  bone.  In  two  of  the  sections  some  of  the  degenerate 
bone  presents  appearances  clearly  indicative  of  a  new  formation  of 
bone  at  the  margin. 

One  section  showed  a  partly  or  completely  healed  fracture  with 
formation  of  callus. 

Sections  of  the  bodies  of  several  vertebrae  show  that  these  are  more 
extensively  infiltrated  with  the  neoplasm  than  was  apparent  at  the 
autopsy.  In  addition  to  a  few  tumor  nodules,  varying  in  diameter 
from  a  few  millimetres  to  one  centimetre  or  more,  many  smaller 
nodules  are  found  scattered  through  the  marrow.  One  of  these  is 
shown  in  Plate  I.,  Fig.  2.  They  vary  in  size  from  one  millimetre  in 
diameter  down  to  microscopic  groups  of  cells.  The  nodules  are  not 
definitely  separated   from    the  surrounding  marrow,  but  the   tumor 
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cells  at  the  margin  infiltrate  the  spaces  between  the  fat  cells  and 
take  the  place  of  the  marrow  cells.  (Plate  I.,  Fig.  3 ;  Plate  III., 
Fig.  6  )  In  thin  paraffin  sections  cells  like  the  tumor  cells  are  found 
distributed  here  and  there  among  the  marrow  cells.     Plate  III.,  Fig. 

7,  illustrates  this.  The  tumor  cells  are  here  rather  more  numerous 
than  usual. 

From  a  study  of  the  sections  it  seems  clear  that  the  tumor  nodules 
have  arisen  by  the  aggregation  of  the  tumor  cells  in  the  spaces  between 
the  fat  cells,  which  spaces  normally  contain  the  vessels,  marrow  cells, 
and  blood ;  then,  by  the  further  multiplication  of  the  tumor  cells,  the 
fat  cells  and  other  cells  and  elements  of  the  spongy  bone  are  obliterated* 

The  occurrence  of  cells  identical  with  the  cells  of  the  tumor  scat- 
tered singly  and  in  groups  among  the  marrow  cells,  and  the  great 
likeness  of  these  cells  to  ^'  plasma  cells/'  as  above  stated,  suggests  the 
idea  that  these  cells,  or  '^plasma  cells,"  may  be  one  of  the  varieties 
of  the  cells  of  the  normal  marrow.  In  order  to  test  this  idea  speci- 
mens of  presumably  normal  spongy  bone  of  the  sternum  and  vertebrae 
were  examined  in  paraffin  sections.  As  a  result  it  was  found  that  the 
red  marrow  does  contain  cells  which  are  like  those  of  this  tumor,  and 
apparently  true  '*  plasma  cells,"  but  they  are  present  in  smaller  num- 
ber than  the  similar  or  identical  cells  seen  in  the  red  marrow  in  this 
case.  They  are  found  singly,  or  several  in  the  field  of  an  oil-immer- 
sion lens.     As  a  rule,  they  have  to  be  sought  for.     In  Plate  III.,  Fig. 

8,  is  shown  a  '^  plasma  cell  "  in  a  section  of  normal  red  marrow.  The 
general  appearances  of  the  cells  of  the  marrow  are  shown,  as  also  their 
differences  from  the  "  plasma  celP'  and  from  the  tumor  cells. 

Conclusions.  This  case  is  one  of  multiple  tumor  formation, 
primary  in  the  red  bone-marrow,  and  widely  distributed  through  the 
same. 

The  cells  making  up  the  bulk  of  the  tumors  are  very  like  or  iden- 
tical with  "  plasma  cells,"  which  cells  are  a  normal  constituent  of  the 
red  marrow.  It,  therefore,  seems  reasonable  to  think  that  the  neo- 
plasm, exclusive  of  its  vessels  and  insignificant  stroma,  has  arisen 
from  an  abnormal  proliferation  of  these  cells. 

Under  this  view,  this  case  of  multiple  myeloma  is  to  be  regarded 
as  a  neoplasm  originating,  not  in  the  red-marrow  cells  collectively, 
but  in  only  one  of  the  varieties  of  the  cells  of  the  red  marrow — i.  «., 
in  the  "plasma  cells.'' 
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DESCRIPTION  OF  THE  PLATES. 


PLATE   I. 

Fig.  1.— Section  through  the  cortex  and  part  of  the  spongiosa  of  a  rib.  The  cortical  bone  is 
seen  invaded  by  the  growth.  In  two  or  three  places  in  the  spongiosa  the  narrow  tissue  is 
replaced  by  areas  of  tumor  tissue. 

Fig.  2.— Section  of  the  spongiosa  of  a  vertebral  body.  In  the  centre  of  the  figure  a  small 
tumor  nodule. 

Fig.  3.— Section  through  a  small  portion  of  the  body  of  a  vertebra.  A  portion  of  a  small 
tumor  nodule  and  the  adjacent  marrow  tissue  is  shown. 

PLATE   II. 

Fig.  4.— Section  of  a  portion  of  a  small  tumor  in  the  body  of  a  vertebra.  The  character  of 
the  cells  and  the  general  appearances  of  the  tumor  tissue  are  shown.    X  1000. 

Fig.  5.— Section  through  a  part  of  the  tumor  of  the  sternum.  Magnification  1500,  approxi- 
mately. 

PLATE   III. 

Fig.  6.— From  a  section  of  the  spongiosa  of  a  vertebral  body.  An  aggregation  of  tumor 
cells  is  seen  in  the  left  of  the  figure.  On  the  right  are  seen  the  usual  marrow  cells  between 
the  fat  cells.    X  1000. 

Fig.  7.— Section  of  spongiosa  of  vertebral  body,  showing  tumor  cells  scattered  among  the 
marrow  cells.    X  1000. 

Fig.  8.— Section  of  normal  spongy  bone  containing  normal  red  marrow.  To  the  left  of  the 
centre  of  the  figure  is  a  "  plasma  cell."  The  general  appearances  of  the  marrow  cells  are 
shown.    X  1000. 

The  photographs  were  prepared  with  the  assistance  of  Mr.  L.  S.  Brown,  in  the  Laboratory 
of  the  Massachusetts  General  Hospital. 


Am  Phys  10 


TREATMENT  OF  THE  "CLINICAL  TYPES"  OF  THE 
URIC-ACID  DIATHESIS. 


By  L  N.  DANFORTH,  A.M.,  M.D., 

OF  CHICAGO. 


At  the  meeting  of  this  Association  in  May,  1899,  I  had  the  honor 
to  present  a  paper  on  the  *'  Clinical  Types  of  the  Uric-acid  Diathesis," 
in  which  I  described  three  different  types  of  that  diathesis,  as  follows  : 
(a)  The  plethoric  type,  (b)  The  neurotic  type,  {c)  The  anaemic 
type ;  illustrating  each  type  by  typical  cases. 

Toward  the  end  of  my  paper  I  said :  "  It  is  not  the  purpose  of  this 
paper  to  treat  at  length  or  in  detail  of  the  therapeutics  and  dietetics 
of  lithsemia,  as  I  propose  relating  the  result  of  my  experience  on  a 
future  occasion.''  It  is  the  object  of  the  present  paper  to  carry  out 
the  purpose  then  announced,  and  ask  attention,  in  considerable  detail, 
to  the  treatment,  dietary,  and  general  management  of  the  several  types 
of  lithaemia. 

(a)  The  Plethoric  Type.  "  The  patients  are  mostly  middle- 
aged  'well-to-do'  men,  in  active  business  pursuits,  frequently  over- 
worked and  overburdened  with  financial  cares;  "  the  healthy,  vigorous 
men  who  do  most  of  the  business  in  our  larger  cities  and  towns. 
These  patients  have  scanty,  high-colored  urine,  of  intensely  acid  reac- 
tion and  high  specific  gravity.  On  standing  a  copious  deposit  of  uric 
acid  falls,  and  there  may  be  slight  albuminuria,  with  small  hyaline 
or  *'  cylindroid "  casts.  They  have  coated  tongues,  constipated 
bowels,  congested  livers,  pounding  hearts,  tense  arteries,  aching 
heads,  and  frequent  attacks  of  giddiness,  with  floating  objects  or  mo- 
mentary cloudiness  before  the  eyes.  They  are  frequently  subjects  of 
apoplexy,  which  they  may  survive  many  years  as  hemiplegics,  with  or 
without  grave  cerebral  failure. 

The  principle  which  should  guide  us  in  the  treatment  of  this  class 
of  lithaemias  is  very  clear,  namely,  first  to  reduce  the  ingestion  of 
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nitrogenous  food  to  the  minimum,  and  secondly  to  increase  the  output 
of  nitrogenous  end-products  to  the  maximum.  But  if  the  principles 
are  clear,  the  reduction  of  these  principles  to  practice  is  not  always 
easy,  for  the  plethoric  lithaemic  is  generally  ^'  a  good  liver,"  and  he 
does  not  take  kindly  to  any  material  restriction  of  his  diet  or  drink. 
Yet  this  is  rather  more  essential  than  the  administration  of  drugs,  and 
it  is  certain  that  the  drugs  do  little  or  no  good  unless  the  ingesta  are 
properly  regulated.  But  even  if  the  patient  is  idealy  docile,  or  posi- 
tively anxious  to  co-operate  with  the  physician,  it  is  sometimes  very 
difficult  to  adapt  a  proper  diet  to  the  indulged  and  pampered  palates 
of  the  patients  under  discussion.  But  my  experience  has  taught  me 
one  thing,  namely,  that  an  initiatory  period  of  starvation  has  an  ex- 
cellent effect,  both  physically  and  morally.  I  have  many  times  heard 
patients  express  gratification  and  satisfaction  over  the  departure  of 
their  miserable  feelings  while  they  were  upon  an  abstemious  diet, 
and  they  were  consequently  all  the  more  willing  to  continue  the  exer- 
cise of  a  little  common-sense  in  regard  to  their  food. 

By  "  starvation  ^'  I  mean  the  absolute  abandonment  of  meats  of  all 
kinds,  of  pastries  and  sweetmeats,  of  tea  and  coffee  and  of  tobacco  in 
all  forms,  and  alcoholic  stimulants  of  every  variety,  for  a  period  of 
two  to  four  weeks,  or  during  the  initiatory  period  of  medical  treat- 
ment, to  be  indicated  presently.  In  lieu  of  all  these,  the  patient  may 
take  milk  and  cereals,  with  fruit  and  Apollinaris  or  Vichy,  or  a  cup 
of  "  postum  cereal  "  in  the  morning,  thin  soup  with  dry  toast  or  soda- 
wafers  and  a  glass  of  hot  milk  at  noon,  and  a  small  allowance  of 
broiled  fish  or  fowl  with  bread  and  fruit  at  night,  or  such  equiva- 
lents of  these  as  the  physician  may  select.  But  the  quantity  or 
^'  ration  "  must  be  limited,  so  that  the  digestive  tract  may  have  a  rest 
and  the  scavenger  organs  may  allow  themselves  a  little  respite  from 
their  habitual  overstrain,  and  at  the  same  time  be  able  to  give  a  little 
attention  to  the  remedial  eliminants  which  will  be  administered  during 
this  period. 

As  regards  the  permanent  diet  of  the  plethoric  lithaemic,  it  may  be 
laid  down  as  an  axiom  that  flesh  diet  must  be  used  sparingly,  and 
that  the  stronger  meats,  like  steaks,  chops,  and  roasts,  must  be  prac- 
tically abandoned.  But  something  must  be  substituted  in  their  stead, 
and  two  objects  must  be  kept  in  mind,  namely,  to  furnish  a  nutritious 
and  easily  digested  diet,  which  shall  contain  the  least  amount  of  nitro- 


148  DANFORTH, 

gen.  In  daily  practice  I  have  found  the  following  diet  scheme  answer 
a  good  purpose :  Breakfast — fruit,  consisting  of  oranges,  grape  fruit, 
apples  (raw  or  baked),  berries  in  season,  melons,  plums  or  cherries, 
the  preference  being  given  to  oranges,  apples,  or  grape  fruit.  The 
fruit  acids  certainly  promote  gastric  digestion,  and  I  have  long  been 
satisfied  that  they  are  decidedly  cholagogue,  and  are  therefore  elimi- 
nants.  Following  the  fruit,  cereals  of  any  kind  ad  libitum.  We 
have  now  a  great  variety  of  nutritious  and  palatable  breakfast  foods, 
from  which  the  patient  may  choose,  and  he  can  vary  them  so  as  to 
avoid  a  wearisome  monotony.  They  should  be  eaten  with  a  mixture 
of  milk  two  parts  and  cream  one  part,  rather  than  either  milk  or 
cream  alone.  The  morning  meal  may  be  concluded  with  an  egg  on 
toast,  some  corn  bread,  or  Graham  muffins,  or  any  other  equivalent, 
and  a  cup  of  weak  coffee  or  chocolate,  or,  better  yet,  a  cup  of  **  postum 
cereal."  The  mid-day  meal  is  generally  the  curse  of  this  class  of 
patients.  It  is  usually  ^'  taken  on  the  fly  "  in  five  or  ten  minutes, 
and  frequently  consists  of  hearty,  solid  food,  half-masticated,  and 
"bolted"  in  masses.  I  have  many  times  watched,  with  disgusting 
interest,  the  "business  man's  lunches  "  as  they  are  served  herein 
Chicago  and  other  large  cities.  It  seems  incredible  that  intelligent, 
educated  men — and  among  them  physicians,  dentists,  and  other  scien- 
tific men — should  so  far  forget  the  usages  of  decency  as  to  devour 
their  food  after  the  manner  of  their  canine  and  porcine  ancestors.  I 
am  well  satisfied  that  many  of  my  cases  of  plethoric  lithsemia  may  be 
traced  primarily  to  the  mid-day  gorging  at  the  "  business  lunches  '^ 
and  the  subsequent  gastro-intestinal  turmoil.  The  medical  adviser 
of  such  patients  should  change  all  this ;  the  mid-day  lunch  should  be 
a  "luncheon,"  light  in  quality,  moderate  in  quantity,  and  nothing 
more.  Milk  with  bread  or  rice,  or  something  similar ;  soup,  an  oyster 
stew  in  its  season,  or  any  other  light  and  easily  digested  food,  in 
moderate  quantity  and  taken  in  a  decent  and  proper  manner,  so  that 
it  shall  not  be  necessary  for  the  stomach  to  undertake  the  added  duties 
of  a  gizzard.  It  is  especially  necessary  for  the  busy,  driving  men  of 
affairs — those  who  do  the  business  of  the  great  cities — to  persistently 
and  faithfully  observe  these  precepts  if  they  expect  to  escape  the  tor- 
tures of  uric-acid  dyspepsia.  The  evening  meal  should  be  "  dinner  " 
in  theory  and  fact ;  to  be  partaken  after  the  hurry  and  flurry  of  the 
day's  work,  with  plenty  of  time  and  the  cheerful  company  of  his 
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family.  Soups,  vegetables,  meat,  or  fowl  or  fish  in  moderation,  with 
special  regard  for  moderation  as  to  roasts  and  grilles ;  salads,  fruits, 
and  tea  or  coffee — in  fact,  a  *' course"  dinner,  with  due  regard  to 
moderation  as  to  number  and  quality  of  courses  and  quantity  of  food 
comprising  each  course.  And  let  this  busy,  tired,  gouty  patient  be 
instructed  by  his  physician  to  leave  his  business  cares  and  worries 
down  town,  so  that  he  can  go  home  to  a  quiet,  restful,  cheerful  dinner, 
followed  by  an  evening  of  relaxation  and  rest  or  recreation.  Let  him 
be  instructed  in  the  lost  art  of  mastication ;  let  him  be  warned  of  the 
danger  of  rapid  eating  and  of  the  importance  of  good,  serviceable 
teeth,  free  from  foul  and  septic  cavities.  I  have  had  more  than  one 
"gentleman"  in  my  clientele  who  needed  jogging  on  the  use  of  his 
tooth-brush  and  a  cleansing  mouth-wash.  If  the  patient  takes  stimulants 
at  all,  he  should  be  cautious  and  abstemious — a  glass  or  two  of  light 
wine  in  the  evening.  If  he  smokes,  let  this  indulgence  be  limited  to 
not  more  than  two  mild  cigars  a  day,  and  let  the  abominable  habit  of 
"  dry  smoking" — i.  g.,  carrying  an  unlighted  cigar  in  the  mouth  hour 
after  hour,  be  forbidden  in  toto. 

The  medical  treatment  of  plethoric  lithsemia  is  less  important  than 
the  dietetic,  yet  it  must  not  be  neglected.  Cholagogues  are  indicated 
in  small,  frequent  doses,  and  I  have  been  particularly  pleased  with 
the  mercuric  iodides,  such  as  a  quarter  of  a  grain  of  the  protiodide, 
or  a  thirtieth  of  a  grain  of  the  biniodide  three  times  a  day,  with  a 
cathartic  dose  of  Hunyadi  on  rising.  This  particular  class  of  cases 
is  especially  benefited  by  the  rather  free  use  of  saline  cathartics  con- 
taining sodic  sulphate  or  magnesium  sulphate,  with  now  and  then  a 
small  dose  of  mercury,  as  above  indicated. 

Among  cholagogues,  the  nitrohydrochloric  acid  must  always  take 
a  high  rank,  and  its  efficiency  is  notably  increased  by  combination 
with  a  vegetable  bitter,  like  gentian  or  chamomile.  Where  there  is 
palpable  increase  of  hepatic  volume  from  hypersemia  or  hypertrophy, 
mercuric  bichloride  is  probably  the  most  efficient  remedy,  in  small  but 
long-continued  doses — perhaps  a  fortieth  of  a  grain  four  times  a  day. 
I  have  seen  several  cases  of  marked  hepatic  enlargement  slowly  dis- 
appear under  the  use — or  at  least  during  the  use — of  bichloride  as 
above  indicated.  I  think  the  intelligent  and  persistent  use  of  these 
few  remedies  of  much  more  avail  than  a  greater  number  which  are 
changed  too  often  to  allow  anyone  to  assert  its  power.     In  the  use 
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of  alterative  remedies — I  should  rather  say  the  successful  use  of  alter- 
ative remedies — time  is  the  *^  essence  of  the  contract." 

Diuretics  or  "  renal  eliminants "  are  constantly  required  in  the 
treatment  of  plethoric  lithsemia.  Among  this  class  of  remedies  potassic 
citrate  clearly  takes  the  first  place,  because  it  is  a  pronounced  and 
aggressive  eliminant,  as  the  urinometer  and  ureameter  have  so  often 
demonstrated.  I  prefer  giving  the  freshly  made  salt,  which  is  easily 
produced  by  throwing  twenty  grains  of  potassic  carbonate  or  bicar- 
bonate into  a  glass  of  lemonade,  which  the  patient  should  swallow 
during  effervescence.  This  may  be  given  four  times  a  day,  always 
when  the  stomach  is  at  rest,  so  it  shall  be  absorbed  and  carried  into 
the  blood  current  as  rapidly  and  with  as  little  change  as  possible. 
The  salts  of  lithium  and  of  strontium  are  of  value,  and  may  be  used 
as  temporary  substitutes  for  the  potassic  citrate,  but  they  are  less  effi- 
cient. The  acetate  and  citrate  of  sodium  are  also  quite  efficient,  but 
they  also  must  yield  to  potassic  citrate  so  far  as  regards  the  power  of 
eliminating  the  nitrogenous  waste  products  through  the  agency  of  the 
kidneys.  Other  diuretics  need  hardly  be  mentioned  in  this  connec- 
tion, as  they  are  not  to  be  compared  with  those  already  named. 

These  plethoric  patients  should  be  sent  every  few  days  to  take  a 
Turkish  or  Russian  bath  (they  are  about  equally  barbarous),  as  they 
aid  elimination  by  the  skin  immensely.  They  should  also  be  made 
to  take  the  requisite  amount  of  open-air  exercise,  and  nothing  is  better 
than  vigorous  walking,  although  bicycling  or  horse-back  riding  answer 
equally  well. 

But  all  this  '^  availeth  naught "  unless  it  is  kept  up  for  long  inter- 
vals ;  it  is  of  no  use  to  pursue  the  plan  of  daily  treatment  and  general 
regimen  indicated  by  fits  and  starts  only ;  it  must  be  followed  out  in 
all  its  details  as  long  as  necessary,  and  it  must  be  resumed  when 
necessary,  until  the  absence  of  symptoms  cease  to  indicate  the  neces- 
sity for  its  resumption. 

{h)  The  Neurotic  Type.  ^'  Very  many  of  the  so-called  "  nervous 
temperaments,^  '  neurasthenics  '  and  '  nervous  cranks,'  as  well  as  most 
of  the  cases  of  '  nervous  dyspepsia,'  are  in  reality  cases  of  the  neu- 
rotic type  of  lithsemia."  In  other  words,  quite  a  large  proportion  of 
the  cases  which  are  classed  as  "  neuroses  "  are  primarily  lithsemics 
with  overstrained  nervous  systems,  which  become  intolerant  of  the 
uric-acid  toxaemia.    Hence,  the  '^  nervous  "  symptoms,  and  their  name 
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is  legion.  Hysteria,  melancholia,  migraine,  epileptiform  seizures, 
cardialgia,  and  various  other  '^algias,"  together  with  a  multitude  of 
minor  nervous  phenomena  not  worth  naming,  combine  to  give  the 
neuro-lithsemic  a  reputation  as  unique  as  it  is  undesirable.  In  the 
treatment  of  these  unfortunate  people  nothing  is  more  important  or 
useful  than  rest — rest  of  mind  and  body — a  prolonged  period  of 
absolute  separation  from  business  or  household  or  family  cares.  If 
the  patient  is  a  good  sailor,  nothing  is  better  than  a  sea  voyage ;  a 
quiet  sojourn  at  the  sea-shore  comes  next,  with  special  emphasis  on 
the  "  quiet.'^  Some  cases  are  greatly  benefited  by  farm  life  and  its 
freedom  from  the  exactions  of  society.  "  Anywhere,  anywhere  out 
of  the  world"  of  fashion  and  wearisome  parade.  Plenty  of  sleep, 
plenty  of  out-door  exercise,  with  some  athletics,  like  rowing,  bowling 
quoits,  the  health-lift,  or  whatever  the  patient  fancies  in  that  line. 

As  to  medicine :  begin  with  a  few  doses  of  calomel  in  minute  doses 
several  times  a  day,  and  a  morning  aperient  of  a  teaspoonful  of  Ro- 
chelle  salt  in  a  glass  of  lemonade ;  follow  this  with  a  five-grain  lithium 
tablet,  four  times  a  day,  in  a  glass  of  water,  when  the  stomach  is  off 
duty,  and  let  this  be  kept  up  for  several  weeks  unless  it  shall  be  found 
that  potassium  or  sodium  citrate  answers  better,  and  this  question 
must  be  answered  by  frequent  appeals  to  the  ureameter  and  urino- 
meter.  After  the  torpid  scavenger-organs  have  been  aroused  and 
elimination  is  fairly  established  a  neuro-tonic  will  be  required.  The 
phosphate  of  iron,  quinine,  and  strychnine  ("  Aitkin's  tonic  ")  does 
admirably,  and  may  be  prescribed  in  either  pill  or  syrup  immediately 
after  meals.  Most  of  the  preparations  of  iron  are  not  well  borne,  but 
I  have  had  good  results  follow  the  use  of  dialyzed  iron,  and  the  old 
Quevenne's  ^' iron  by  hydrogen,"  in  rather  small  but  persistent  doses 
directly  after  eating.  But  neuro-lithsemics  do  not  bear  heroic  dosing 
of  any  kind.  Every  now  and  then  the  digestive  tract  will  falter,  the 
appetite  will  fail,  flatulence,  constipation,  nausea,  and  all  the  remain- 
ing adjuncts  of  "acute  dyspepsia  ''  will  suddenly  appear.  This  will 
necessitate  a  suspension  of  constructive  tonics,  and  a  return  for  a  few 
days  to  the  minute  doses  of  calomel  with  an  antiseptic,  such  as  salol. 
But  the  tonics  should  be  resumed  whenever  the  digestive  tract  resumes 
its  work  in  a  normal  manner. 

Many  neuro-lithsemics  are  much  troubled  by  insomnia.  This  may 
sometimes  be  effectually  relieved  by  massage  an  hour  before  retiring. 
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A  dose  of  bromo-caiFeine,  or  of  caffeine  hydrochlorate,  or  of  ammonium 
bromide  may  be  given,  or  even  of  codeine  if  it  cannot  be  avoided.  A 
drive,  or  a  short  spin  on  the  bicycle,  or  even  a  walk  after  dinner  will 
promote  sleep.  A  sponging  with  cold  water  containing  a  little  alcohol 
is  an  excellent  hypnotic ;  and  I  have  even  had  good  success  with  a 
^'  dummy  ^'  consisting  of  a  capsule  with  some  indifferent  powder,  like 
sugar  of  milk.  But  restful  sleep  must  be  secured  somehow.  Alco- 
holic stimulants  cannot  be  recommended  in  any  form,  but  a  glass 
of  claret  at  dinner  is  as  harmless  as  anything,  if  the  patient  must 
indulge. 

The  question  of  diet  can  be  disposed  of  in  connection  with  the  next 
group  of  cases. 

(e)  The  Anemic  Type.  "  This  type  is  not  quite  so  common  as 
the  other  two,  but  it  is  by  no  means  rare.  The  patients  are  mostly 
women  who  have  been  overworked  mentally  or  physically,  or  both  ; 
frequently  young  mothers  who  have  borne  children  rapidly  and  have 
been  burdened  with  their  care;  or  saleswomen  who  are  required  to 
stand  all  day  in  a  constant  state  of  tension  and  excitement ;  or  ladies 
who  are  engaged  in  clerical  work ;  or  school-teachers  who  find  their 
vocation  irksome  and  exhausting."  Of  course,  males  as  well  as 
females  may  belong  to  this'  class,  but  females  are  clearly  in  the  ma- 
jority in  my  practice. 

The  successful  treatment  of  this  type  presents  some  very  practical 
and  perplexing  difficulties,  for  it  must  constantly  be  borne  in  mind 
that  we  are  treating  anaemia  plus  lithsemia,  or  vice  versa.  In  the  first 
place,  the  patient  must  be  allowed  a  moderately  liberal  flesh  diet ;  in 
the  second  place,  elimination  must  be.  made  to  keep  pace  with  the 
demands  made  upon  it.  As  to  diet :  milk,  of  course,  but  not  of  neces- 
sity, for  there  are  some  patients  who  cannot  assimilate  milk,  and  who 
invariably  get  gastro-intestinal  irritation  if  they  attempt  it.  There 
are  also  many  people  who  think  they  cannot  take  milk,  because  it 
makes  them  "bilious"  or  "constipated,"  as,  indeed,  it  may,  espe- 
cially if  it  be  taken  in  a  faulty  and  injudicious  manner.  If  a  patient 
with  rather  feeble  digestion  will  drink  rapidly  a  pint  or  half-pint  of 
cold  milk,  without  any  solid  food,  it  is  quite  probable  that  some  kind  of 
gastric  revolt  will  follow,  and  especially  if  this  experiment  is  repeated 
again  and  again.  Or,  if  a  patient  attempts  to  drink  milk  according 
to  some  cast-iron  rule — so  much  milk  at  such  a  time — gastro  intestinal 
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revolt  will  be  likely  to  follow.  But  if  milk  is  made  a  part — even  the 
chief  part — of  breakfast  and  luncheon,  so  that  it  is  taken  with  other 
food,  it  is  rarely  the  case  that  any  trouble  follows.  Hot  milk  is  some- 
times borne  better  than  cold  milk  ;  a  pinch  of  bicarbonate  of  soda  in 
a  glass  of  milk  frequently  prevents  eructations;  with  other  people  a 
pinch  of  common  salt  will  do  the  same  thing.  Let  the  physician 
study  the  question  himself  in  its  relation  to  each  individual  case  ; 
then  let  him  engage  the  intellectual  and  willing  co-operation  of  the 
patient,  and  he  will  encounter  very  few  failures  in  his  endeavors  to 
substitute  a  milk  for  more  injurious  forms  of  diet. 

Fruits  are  not  objectionable — in  fact,  they  are  beneficial  in  almost 
all  cases.  Vegetables,  if  they  agree,  may  be  allowed.  .  Cereals  are  to 
be  commended  with  scarcely  an  exception.  Fish,  fowl  and  most  kinds 
of  game  may  be  allowed  once  or  twice  a  day.  Sweetmeats  and  the 
various  culinary  frivolities  which  have  little  or  no  nutritive  value,  but 
great  possibilities  as  producers  of  gastric  torment,  should  be  debarred 
-entirely.  Tea,  coffee,  and  chocolate  may  be  allowed  in  moderation. 
Alcoholic  beverages  had  better  be  let  alone. 

But  what  about  beef,  pork  and  mutton  ?  They  should  be  allowed 
once  a  day  in  moderation,  in  spite  of  the  fact  that  it  is  a  violation  of 
physiological  orthodoxy.  An  anaemic  patient  must  be  nourished  ;  if 
be  or  she  happens  to  be  a  lithsemic,  it  is  still  necessary  to  insist  upon 
a  blood-making  diet,  but  at  the  same  time  the  lithsemic  tendency  must 
be  anticipated  and  guarded  against.  But  it  is  a  waste  of  time  and 
effort  to  attempt  the  restoration  and  upbuilding  of  a  case  of  anaemic 
lithsemia  if  a  diet  of  red  meat  is  excluded.  And  just  here  I  wish 
emphatically  to  insist  that  the  danger  from  red  meat  is  not  from  its 
use,  but  from  its  abuse.  A  moderate  amount — or,  more  aptly,  a 
requisite  amount — of  red  meat  is  never  harmful,  even  to  a  plethoric 
patient;  the  difficulty  is  to  decide  upon  what  is  a  "  requisite"  amount, 
and  this  cannot  be  trusted  to  the  judgment  of  a  hearty,  hungry,  pleth- 
oric man  who  is  lithgemic,  and,  hence,  we  are  compelled  to  protect 
him  by  a  process  of  exclusion.  But  the  case  is  very  different  when 
we  are  dealing  with  ill-nourished,  neurotic,  or  ansemic  cases  of  lithse- 
mia  ;  they  must  be  nourished  according  to  their  necessities,  regardless 
of  the  general  laws  laid  down  by  Alexander  Haig,  Boix  and  others, 
which  are  entirely  correct  as  abstract  scientific  propositions,  but  which 
do  not  and  cannot  apply  to  all  individual  cases.     It  is  for  the  physi- 
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cian  to  remember  that  he  is  treating  the  particular  case  in  hand,  and 
that  Haig  and  other  excellent  writers  have  never  seen  the  patient, 
and,  therefore,  cannot  be  trusted  as  to  details.  Time  and  again  I 
have  seen  cases  of  anaemic  lithsemia  improve  upon  a  diet  of  red  meat 
after  a  long  and  futile  trial  without  red  meat,  and  some  of  these 
cases  have  been  markedly  arthritic,  slightly  albuminuric,  with  pro- 
nounced arterial  tension.  But  they  had  tried  milk  and  cereals  and 
fats  and  malts  and  the  various  artificial  "make-ups"  which  we  all 
know  by  "  samples,"  their  wonderful  effects  attested  by  wonderful 
letters  from  wonderful  doctors ;  but  they  did  not  improve  in  health 
and  vigor,  while  the  urine  remained  loaded  with  uric  acid,  and  the 
arthritic  symptoms  lingered.  They  generally  expressed  a  longing  for 
red  meat,  or,  as  one  woman  expressed  it,  she  "  hankered  "  for  a  mut- 
ton chop.  She  got  it,  and,  on  a  moderate  or  "  requisite  "  mixed  diet, 
including  a  ration  of  beef,  mutton  or  pork  once  a  day,  she  improved 
slowly  but  continuously.  I  have  so  very  many  times  observed  that  a 
restricted,  forced,  "  eat-by-rule"  diet  is  followed  by  failure  of  renal 
function,  that  I  am  inclined  to  formulate  an  axiom  something  like 
this:  "An  unwelcome  diet  induces  renal  inadequacy.'^  Of  course,  it 
induces  other  unfortunate  results,  but  I  am  dealing  particularly  with 
the  renal  aspect  of  the  subject.  These  observations  on  diet  and 
nutrition  apply  with  equal  force  to  many  cases  of  neurotic  form  of 
lithsemia. 

Little  need  be  said  as  to  the  medical  treatment  of  anaemic  lithsemia* 
The  general  principles  of  the  anti-lithsemia  treatment  apply.  Chola- 
gogues  will  be  needed ;  gastro-intestinal  antiseptics  ;  gentle  aperients  ; 
alkaline  antilithics  ;  vegetable  tonics  ;  preparations  of  iron,  manganese,, 
phosphorus  and  bone-marrow ;  these  are  the  remedies  which  will  from 
time  to  time — and  for  a  long  time — be  required.  But  they  must  all, 
and  invariably,  be  given  in  small  doses,  else  they  will  do  more  harm 
than  good. 

In  conclusion,  I  will  venture  a  few  words  of  counsel,  because  I  hope 
this  paper  will  fall  into  the  hands  of  some  younger  practitioners 
who  are  still  wrestling  with  the  perplexities  of  anaemic  and  neurotic 
lithaemia. 

First.  Study  each  case  as  an  individual-  entity,  not  as  one  of  a 
**  group  of  cases." 
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Second.  Do  not  expect  or  promise  rapid,  perfect,  or  permanent 
cures,  since  it  is  impossible  to  change  the  innate  nature  of  any  human 
being  by  any  mode  of  "  treatment." 

Third.  Do  not  cease  treatment  or  allow  the  patient  to  pass  out  of 
notice  when  the  urgent  symptoms  have  disappeared  ;  a  considerable 
period  of  mild  or  alterative  treatment  will  still  be  necessary  to  reach 
the  best  results. 


SOME   OBSERVATIONS   ON   HUMAN   TEMPERATURE 
IN   DISEASE. 


By  NORMAN  BRIDGE,  M.D. 

OF  LOS  ANGELES,   CAL. 


We  are  always  seeking  for  symptoms  that  tell  the  exact  nature  of 
the  diseases  of  the  human  body.  If  there  were  idiopathic  signs  the 
people  would  learn  many  of  them^  and  hardly  need  doctors,  except  for 
the  mysteries  of  treatment ;  and  even  these  they  would  more  or  less 
master  in  time,  as  now  they  often  think  they  have  mastered  them. 
The  doctors  are  alert  for  the  smallest  hint  of  a  new  sign  that  can 
show  without  error  the  goings-on  in  the  sick  body.  The  treatment 
of  disease  troubles  us  rather  less  than  the  diagnosis ;  and  we  are 
usually  more  chagrined  at  our  errors  of  diagnosis  than  at  blunders 
of  treatment. 

The  temperature  of  the  body  in  health  is  maintained  at  a  given 
point,  with  slight  fluctuations,  in  all  climates  and  conditions  ;  and  it 
fluctuates  peculiarly  in  disease,  and  probably  with  some  approach  to  a 
typical  manner.  How  these  mutations  may  be  discovered  and  so  the 
clinical  thermometer  be  made  more  effective  in  practice  has  been  a 
long  search  of  the  profession. 

The  temperature  of  the  body  in  health  is  kept  near  a  normal  line 
by  a  regulating  mechanism  in  the  nervous  system  somewhere.  More 
heat  is  usually  made  by  muscles  and  glands  than  is  necessary,  and 
the  regulation  point  is  chiefly  maintained  by  varying  loss  of  heat,  due 
mostly  to  the  changing  size  of  superficial  vessels,  produced  by  the  mus- 
cular fibres  in  their  walls.  These  fibres  are  controlled  by  nerves,  and 
so  by  nerve  centres. 

In  fever  there  is  a  regulation  point  as  truly  as  in  health,  only  it  is 
'higher  and  less  constant.  With  its  rise  and  fall  there  are  frequently 
attendant  symptoms  that  are  curious  and  paradoxical,  although  prob- 
ably conservative,  as  the  subjective  sensation  of  cold  with  a  rising 
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temperature  and  of  heat  with  a  falling  one.  It  is  not  true  that  more 
heat  is  generally  produced  in  the  body  in  fever  than  in  health  under 
full  exercise,  but  the  contrary.  It  is  only  the  regulation  point  that 
rises  always. 

What  makes  the  regulation  point  rise  ?  Why  do  the  nerve  centres 
controlling  the  heat  manufacture  and  dissipation  change  their  force 
and  action  under  certain  influences  which  we  call  causes  of  disease  ? 
These  questions  go  at  once  to  the  core  of  the  clinical  phase  of  the 
subject. 

Doubtless  several  pathological  conditions  produce  the  rise  of  the 
regulation  point,  and  the  accidents  to  these  factors  may  cause  all  of 
the  fluctuations.  There  is  no  great  change  in  the  regulation  point 
below  the  normal ;  whenever,  therefore,  we  speak  of  a  change  we 
mean  a  change  above  the  physiological  par,  and  that  is  fever.  Yet 
there  are  disorders,  of  a  chronic  sort  mostly,  where  the  temperature 
is  for  weeks  or  months  slightly  below  normal  at  certain  or  all  times 
of  the  day.     Myxoedema  is  one  of  them. 

The  tendency  of  professional  thought  is  now  toward  attributing  all 
fever  to  certain  substances  in  the  blood  produced  by  microbes  or  to 
the  microbes  themselves.  The  proof  of  such  toxic  influences  is  over- 
whelming, but  they  are  not  the  sole  causative  forces.  And  if  we  shall 
ever  be  able  to  catalogue  all  the  causes  we  shall  need  to  discover  the 
one  essential  factor  in  the  complete  solution  of  the  question — namely, 
the  manner  in  which  the  nervous  regulating  machinery  is  ultimately 
afl'ected  by  toxins  or  what  not. 

In  studying  the  fluctuations  of  temperature  we  may  profitably  set 
a  few  things  we  know  over  against  some  that  we  do  not  know,  and  so 
hope  to  gain  some  practical  lessons  for  the  more  efficient  care  of  the 
sick. 

1.  We  know  that  pus  poison — that  is,  the  micro-organisms  of  pus 
and  their  products  absorbed  into  the  general  circulation — causes  fever. 
We  probably  often  encounter  fevers  that  we  fail  to  understand,  which 
are  due  to  small  accumulations  of  pus  hidden  away  somewhere  in  the 
body ;  but  that  is  no  justification  for  the  assumption  that  in  every 
inexplicable  prolonged  fever  such  a  source  of  poison  must  exist. 

2.  Dead  tissue,  as  the  products  of  changes  in  greatly  overworked 
muscles,  albuminous  bodies  set  free  from  these  tissues  and  floating  in 
the  blood,  probably  cause  fever. 
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3.  Slight  elevation  of  temperature  is  produced  by  absorption  of 
albuminous  toxic  substances  from  cyst  cavities  in  various  portions  of 
the  body,  as  the  skin,  the  scalp,  and  the  ovaries,  that  leak  into  the 
connective  tissue  about  them  and  undergo  absorption.  These  are 
not  the  products  of  pus  poison. 

4.  Then  we  know  that  certain  poisons,  almost  positively  microbic, 
are  taken  into  the  body  from  the  air,  or  in  food  and  drink,  and  pro- 
duce fevers  (with  possible  eruptions  upon  the  skin)  which  run  a  dis- 
tinct course  and  terminate  spontaneously  if  the  patient  lives.  The 
fever  begins  after  a  period  more  or  less  definite  (an  average  of  perhaps 
a  week)  of  so-called  incubation,  and  often  begins  suddenly.  Probably 
a  certain  amount  of  the  poison  must  be  introduced  to  cause  fever,  or 
some  especial  susceptibility  must  exist  to  make  possible  the  cycle  of 
events  referred  to.  The  theory  seems  plausible  that  the  self-limita- 
tion of  these  diseases  is  due  to  the  rapid  accumulation  in  the  body  of 
the  products  of  the  microbes,  first  depressing,  then  destroying  them ; 
or  that  the  microbes,  by  some  reaction  of  the  physiological  forces  of 
the  system,  provoke  the  formation  of  a  toxin  capable  of  destroying 
them  in  a  few  days. 

This  class  of  diseases  includes,  of  course,  typhoid,  typhus,  scarlet, 
and  yellow  fevers,  measles,  German  measles,  whooping-cough,  vari- 
cella, variola  and  its  modifications,  pneumonia,  plague,  diphtheria, 
erysipelas,  follicular  tonsillitis,  possibly  acute  rheumatism,  and  un- 
numbered other  and  yet  unknown  diseases.  The  list  is  not  complete, 
nor  will  it  be  probably  for  many  decades  to  come.  We  shall  go  on, 
as  we  have  done,  discovering  new  diseases  out  of  the  symptoms  that 
have  been  the  common  but  misinterpreted  observation  of  centuries. 

5.  We  know  that  high  temperature  results  from  certain  conditions 
of  malarial  organisms  in  the  blood,  the  forms  of  fever  diifering  with 
the  life-history  of  the  plasmodia.  Here,  too,  personal  susceptibility 
plays  some  part  in  the  process ;  all  people  do  not  resist  or  succumb 
alike,  nor  do  all  who  are  affected  suffer  alike,  either  in  manner  or 
degree. 

6.  High  temperature  of  the  environing  atmosphere,  with  or  without 
the  sun's  rays,  under  certain  conditions  cause  alarming  pyrexia  known 
as  thermic  fever  or  sunstroke.  It  is  probably  due  to  inhibition  or 
stimulation  of  some  of  the  heat  centres  or  other  part  of  the  heat-regu- 
lating machinery.     But  microbes  have  even  been  accused  of  inducing 
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these  cases,  and  it  is  not  very  unlikely  that  toxins  are  produced  in 
the  tissues  by  the  heat  and  disturb  the  regulating  centres,  and  so 
cause  fever  as  the  toxins  of  bacteria  do. 

7.  We  know  that  inflamed  follicles  of  the  tonsils  may  cause  sudden 
high  temperature,  lasting  a  few  days  and  subsiding  spontaneously, 
while  the  same  sorts  of  microbes  are  found  Avithin  them  that  are  dis- 
covered in  normal  follicles.  How  far  this  fever  should  be  attributed 
to  pus  poison  is  unsettled. 

8.  Inflammations  in  general  are  attended  with  fever.  Formerly 
we  thought  they  always  produced  the  fever ;  but  now  we  know  the 
two  events  are  frequently  co-results  of  some  other  causative  influence. 

Where  some  irritant,  applied  locally,  depreciates  the  vitality  of  a 
part,  and  inflammation  results,  and  then  fever,  it  is  rational  to  assume 
that  the  microbes  of  pus  may  find  there  a  culture  medium,  and  infect 
the  system  as  they  do  from  an  abscess.  But  when,  as  in  the  pneumo- 
coccus  infection,  we  know  a  fever  precedes  the  inflammation  in  the 
lung,  it  is  clear  that  the  microbic  poison  in  the  blood  does  the  whole 
mischief.  And  nobody  knows  how  much  of  some  toxin  may  find  its 
way  into  the  circulation  as  the  result  of  an  inflammation  and  help  to 
cause  fever. 

9.  We  know,  but  usually  forget,  that  the  commonest  serious  dis- 
eases of  the  kidneys  are  free  from  fever  as  well  as  from  backache ; 
that  practically  no  disease  of  these  organs  causes  fever  save  the  rarest 
and  somewhat  questionable  acute  parenchymatous  inflammation  of  the 
renal  or  the  perirenal  tissues,  and  that  in  general  only  those  with 
calculi  cause  pain  in  the  back.  Bright's  disease  fails  to  do  either 
in  any  of  its  multifarious  forms. 

10.  We  do  not  know  how  much  fever  is  caused  by  tuberculosis 
apart  from  that  due  to  pus  microbes  encouraged  to  grow  by  the  tissue 
necrosis,  which  is  nearly  always  induced  by  this  remarkable  disease, 
and  to  absorption  of  products  of  the  necrosed  tissue  itself.  Pure 
tuberculosis  may,  but  usually  does  not,  cause  fever  under  circum- 
stances that  permit  us  positively  to  exclude  the  presence  of  pus 
products  or  those  of  inflammation  or  necrosis,  whatever  they  are, 
except  where  the  tissues  of  or  about  the  central  nervous  system  are 
directly  involved. 

11.  We  do  not  know  why  fever  rises  or  falls  rapidly  or  slowly. 
There  are  ingenious  theories  about  it,  but  no  proof. 
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12.  We  lack  positive  information  to  explain  the  genesis  of  many 
cases  of  fever  which  occur  suddenly  in  children  (and  occasionally  in 
adults)  and  are  connected  in  some  way  with  gastro- intestinal  de- 
rangement. The  difficulty  is  that  at  times  apparently  exactly  similar 
disturbances  are  unattended  by  fever.  An  easy  claim  is  that  ptomaine* 
from  decomposition  of  intestinal  contents  cause  them.  It  may  be 
that  a  part  of  the  cases  are  so  caused,  but  as  to  many  of  them  it  is 
unproven  and  appears  unlikely.  The  symptoms  of  constipation  and 
diarrhoea,  of  pain  and  swelling,  are,  so  far  as  any  clinician  can  tell,, 
exactly  the  same  a  hundred  times  (and  even  many  times  in  the  same 
patient)  when  no  fever  occurs.  It  is  easy  to  say  that  the  fever  must, 
be  due  to  some  peculiar  chemical  or  vital  change  not  present  in  the 
other  cases ;  and  it  is  true  that  if  abnormal  metabolism  within  the 
digestive  organs  or  elsewhere  can  cast  into  the  circulation  such  sub- 
stances as  pepsin,  peptones,  albumose,  fibrin  ferment,  or  diastase,  fever 
is  produced.  That  such  events  do  occur  in  these  cases  is  largely  con- 
jectural. 

13.  We  may  fairly  be  in  doubt  to  what  degree  nervous  perturbation 
alone  can  cause  fever.  In  a  pus-poisoned  patient,  or  one  with  an 
essential  fever  or  tuberculosis,  where  there  is  even  a  trifling  elevation 
of  temperature,  this  is  often  made  worse  by  mental  excitement  or  by 
work.  Can  the  excitement  alone  produce  it  when  no  poisoning  exists? 
Probably  not,  since  the  greatest  mental  excitement  (grief,  fear,  joy,, 
and  anger)  in  a  well  person  usually  causes  nothing  of  the  sort.  And 
in  the  cases  where  the  fever  is  produced  or  raised  by  activity,  is  this- 
due  to  the  nervous  excitement  or  to  physical  labor  ?  A  patient  with 
tuberculosis  or  pus  absorption,  who  keeps  perfectly  quiet  in  body  and 
mind,  may  have  a  maximum  temperature  of  perhaps  100°  F.  some 
time  in  the  day ;  but  a  walk  round  the  block  or  a  business  discussion 
of  half  an  hour  will  carry  it  to  101°  or  102°.  This  is  so  well  known 
that  in  sanatoria  for  consumption  the  rule  is  general  that  only  patients- 
wholly  free  from  fever  are  permitted  to  exercise. 

It  seems  impossible  to  deny  that  psychoneuroses  may  disturb  the 
heat-regulating  machinery  and  produce  positive  fever.  But  the  ap- 
parently fabulous  fever  reported  of  certain  cases  of  hysteria  is  subject 
to  honest  doubt.  Many  physicians  even  deny  that  pure  hysteria  can 
cause  fever.  But  the  pronounced  paralysis  of  motion  and  sensation^ 
the  spasms  of  several  kinds,  the  hyperaesthesias,  and  the  erratic  aber- 
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ration  of  functions  of  almost  every  sort  and  degree,  known  the  world 
over  as  the  result  of  hysteria,  ought  to  make  it  easy  to  believe  that 
the  heat  centres  may  be  involved  as  well.  And  if  hysteria  can 
affect  them,  then  there  is  no  limit  to  their  possible  degree  of  aberra- 
tion, except  the  capacity  of  the  tissues  to  produce  and  husband  heat, 
and  their  tolerance  of  high  temperature  without  coagulation. 

14.  There  are  numerous  slight  attacks  of  fever  that  seem  inexpli- 
cable. They  last  short,  and  have  few  or  no  focal  symptoms  or  signs, 
and  no  evidence  of  microbic  poisoning  save  in  the  mere  phenomenon 
of  fever.  That  this  fact  is  some  evidence  cannot  be  denied.  But  if 
the  reasoning  is  sound,  then  it  is  fair  to  assume  that  hitherto  unknown 
microbes  (or  their  life-history)  capable  of  producing  definite  febrile 
action  are  yet  to  be  discovered.  Time  was  when  rotheln  was  some 
erratic  form  of  measles;  now  we  know  it  to  be  a  specific  and 
probably  microbic  disease,  differing  wholly  from  the  latter,  and  pro- 
tecting its  victim  as  measles  does.  Time  was  when  myxoedema  was  a 
freaky  form  of  dropsy ;  now  we  have  its  perfect  explanation — with 
what  glory  to  modern  pathology  everyone  knows;  and  cretinism  is 
analogous  to  it.  Why  should  we  not  expect  to  find  that  other  specific 
diseases  have  been  occurring  under  our  eyes  and  observation  for  years 
without  our  knowing  it?  And  why  should  we,  every  time  we  are 
confronted  with  one  of  these  inexplicable  fevers,  attempt  to  make  it 
fit  some  of  the  grooves  of  known  febrile  disorders,  as  typhoid  or  ma- 
laria, or  be  unhappy  if  we  cannot  ?  The  effort  to  do  this  leads  us 
often  to  hazard  a  diagnosis  that,  being  false,  we  are  forced  to  change 
in  a  few  hours,  or  that  we  foolishly  feel  compelled  to  stick  to  through- 
out the  case,  to  our  discomfort  and  loss  of  self-respect.  And  we  gain 
little,  save  with  a  peculiar  portion  of  the  public,  when  we  load  our 
uncertainties  off  upon  some  convenient  scapegoat,  the  existence  of 
which  can  neither  be  proven  nor  disproven.  Formerly  the  scapegoat 
was  malaria ;  now  that  malaria  is  so  perfectly  demonstrable,  it  is 
oftener  grip — that  cannot  be  well  demonstrated;  for  the  necessities  of 
a  scapegoat  require  that  it  shall  be  airy,  indefinite,  and  incapable  of 
proof. 

During  this  very  season  numerous  cases  have  occurred  in  many 
states  of  suddenly  oncoming  fever,  lasting  two  or  three  days,  with 
slightly  swollen,  red  pharynx,  and  no  apparent  follicular  inflamma- 
tion.    The  general  malaise,  weakness,  and  perhaps  headache  of  the 
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fever  state  have  come  and  vanished  in  this  brief  period.  Perhaps  these 
cases  were  the  true  influenza ;  perhaps  some  other  zymotic  disease  as 
yet  unidentified. 

The  clinical  significance  of  fever  depends  on  other  circumstances 
than  the  fever  itself.  High  temperature,  per  se,  is  of  small  account. 
With  a  spot  of  sharp  abdominal  tenderness  or  rigidity  of  muscles,  or 
with  unconsciousness  or  spasm,  coming  on  with  fever,  it  may  mean 
very  much,  as  may  a  long-continued  slight  elevation  of  temperature 
without  focal  symptoms.  This  last  leads  us,  especially  in  chronic 
cases,  with  slight  indisposition,  to  hunt  long  and  faithfully  for  the 
cause.     Clinically  it  is  a  valuable  pointer. 

The  temptation  among  practitioners  to  treat  the  fever  state  is 
almost  irresistible,  but  it  should  not  ordinarily  be  treated.  The 
wholesale  medication  so  often  done  for  this  purpose  is  mischievous  in 
the  extreme. 

If  unconsciousness  or  convulsions  attend  high  fever,  showing  brain 
involvement  and  perhaps  a  paralysis  of  some  of  the  heat  regulators,  the 
temperature  should  be  promptly  reduced  by  baths,  for  through  this 
act  directly,  or  by  some  increased  elimination  it  produces,  the  con- 
vulsions usually  cease  and  consciousness  returns.  It  is  not  true  that 
fever  of  moderate  degree  must  be  brought  down  at  once ;  fever  often 
endures  for  long  with  little  harm,  as  is  shown  in  many  cases  of  tuber- 
culosis of  the  lungs,  where  a  slight  daily  elevation  of  temperature 
may  persist  for  months  with  little  impairment  of  the  strength  or  gen- 
eral physical  condition.  Slight  fevers  may  occur  daily  with  no  cachexia 
for  a  long  time;  the  system  becomes  adjusted  to  it  and  the  secreting 
organs  are  little  disturbed. 

A  very  high  fever,  or  one  that  produces  marked  head  discomfort, 
or  great  restlessness,  may  not  improperly  be  reduced  by  means  of 
coal-tar  preparations  or  the  application  of  water.  But  it  is  not 
proven  that  in  typhoid  or  other  fevers  the  antipyretic  drugs  for  any 
ordinary  febrile  temperature  have  shortened  the  attacks  or  increased 
the  percentage  of  recoveries,  and  the  habit  of  using  them  for  this 
purpose  has  undoubtedly  done  much  harm  and  very  little  good. 

Probably  the  drug  most  extensively  used  for  lowering  fevers  during 
the  last  thirty  years  (notwithstanding  the  free  prescribing  of  the  coal- 
tar  preparations)  is  aconite ;  yet  to  this  hour  I  am  ignorant  of  any 
proof  whatever  that  this  drug  can  lower  the  temperature  of  fever, 
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except  by  injuriously  lowering  the  vitality  of  the  patient.  It  may 
slow  the  heart  and  lessen  nervous  perturbation ;  but  that  is  quite 
another  thing. 

We  often  find  ourselves  considering  in  the  most  serious  manner  as 
a  grave  thing  the  direct  effect  of  a  temperature  of  say  102°  F.,  and 
lasting  for  a  few  hours  or  for  a  day.  And  we  have  connived  at  the 
belief  by  the  lay  people  that  such  a  fever  is  dangerous.  If  placebos 
are  needful  for  the  morale  of  the  patient,  there  is  no  objection  to 
giving  some  innocuous  thing  ostensibly  for  the  fever,  but  for  doctors 
to  regard  it  as  necessary  on  other  grounds  is  unscientific  and  poor 
practice. 

A  free  catharsis  at  the  beginning  of  sudden  fever  often  gives  a  sense 
of  relief,  probably  by  removing  ptomaines  and  other  effete  matter  from 
the  intestines,  and  in  this  or  some  other  way  removing  congestion  (or 
a  sense  of  it)  from  the  head.  But  except  by  removing  ptomaines 
there  is  small  proof  that  it  lowers  the  temperature ;  and  evidence  ot 
this  latter  even  is  not  of  the  best. 

It  is,  of  course,  always  in  order  to  attempt  to  remove  or  destroy  the 
causes  of  fever.  Some  of  the  more  tangible  ones,  especially  those  of 
a  surgical  character,  we  may  deal  with  effectively.  We  may  evacuate 
effete  matter  from  the  alimentary  canal  and  increase  the  toxicity  of 
the  urine,  which  it  seems  clear  is  one  of  the  eliminative  effects  of  the 
Brand  treatment  of  typhoid.  But  it  is  doubtful  that  diuretics  pro- 
duce this  effect  very  much,  although  many  forms  of  treatment  may 
help  the  system  to  free  itself  from  the  toxic  influence. 

The  service  of  this  sort  which  we  can  render  is  very  sharply 
limited,  and  may  be  roughly  indicated  as  follows  : 

1.  Pus  pockets,  suppurating  surfaces,  and  cysts  leaking  into  the 
connective  tissue,  and  so  reaching  the  general  circulation,  may  some- 
times be  evacuated  or  removed. 

2.  Inflammation  may  be  assuaged,  cured,  or  waited  for. 

3.  Ptomaines  in  the  alimentary  canal  may  be  evacuated  by  a 
cathartic  if  they  do  not  directly  bring  on  a  remedial  diarrhoea. 

4.  Malarial  plasmodia  may  be  effectively  dealt  with  ;  and  we  have, 
fortunately,  one  drug  proven  to  have  a  positive  action  against  these 
parasites. 

5.  The  causes  of  the  essential  fevers,  that  obviously  consist  of  spe- 
cific microbes  which  run  their  course  in  definite  periods,  are  usually 


164  HUMAN    TEMPERATURE     IN    DISEASE. 

destroyed  by  the  conservative  havoc  wrought  by  the  products  of  the 
microbes  themselves.  No  drug  is  capable  of  destroying  them,  and, 
on  the  basis  of  present  knowledge,  it  is  idle  to  medicate  by  such 
means.  But  we  are  beginning  to  know  that  the  destruction  of  these 
poisons  is  possible  by  artificial  means  acting  like  the  physiological 
forces.  The  success  already  attained  in  a  few  diseases,  most  nota- 
bly diphtheria,  is  crucial  proof  of  the  possibilities  in  this  direction,  and 
is  reason  for  the  faith  that  we  shall  soon  be  able  to  deal  with  many 
diseases  in  the  same  way.  This  is  the  direction  the  efforts  of  every 
clinician  ought  to  take,  and  we  await  the  beck  of  the  votaries  of  bac- 
teriology and  pathology. 

It  is  hard  to  keep  the  practising  part  of  the  medical  profession 
plumb,  as  it  is  the  lay  world.  We  easily  drop  into  habits  of  pre-- 
scribing  for  insignificant  things,  to  the  neglect  of  the  few  indications 
that  make  for  the  patient's  better  comfort  and  greater  prospect  of 
recovery — the  two  objects  that  alone  justify  the  existence  of  doctors. 
"We  give  aconite  or  other  drugs  for  slight  fever  and  to  bring  down 
the  pulse;  digitalis,  because  the  pulse  is  weak  at  the  wrist  (even 
when  the  weakness  is  apparent  and  not  real,  but  due  to  the  muscular 
and  nerve  fibres  of  the  vessel  walls ;  we  give  calomel  to  clean  off  the 
tongue ;  prescribe  for  dry  and  rough  skin  and  for  cold,  clammy  skin  ; 
and  for  temporary  dark  coloration  of  the  urine — and  all  as  though 
such  things  were  consequential  and  not  the  necessary,  harmless  ac- 
companiments of  many  sicknesses  of  all  shades  of  severity.  Worse, 
we  often  prescribe  thus  to  the  injury  rather  than  the  benefit  of  the 
patient,  and  by  pursuing  such  methods  hide  from  our  own  eyes  the 
manner  of  reasoning  that  means  growth  and  the  measures  that,  besides 
being  scientific,  are  genuinely  useful  for  the  health  and  longevity  of 
the  sick. 


SARCOMA   OF   THE    STOMACH. 
By  GEORGE  DOCK,  M.D., 
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T.  J.  W.,  married,  merchant,  fifty-five  years  old,  was  admitted  to  the 
University  Hospital,  January  18,  1900,  on  account  of  loss  of  strength  and 
weight,  and  distention,  burning  pain,  and  tumor  in  the  stomach  region.  The 
family  history  is  negative.  In  early  life  the  patient  had  whooping-cough 
and  measles.  While  in  the  army  during  the  Civil  War  he  had  several  attacks 
of  intermittent  fever,  and  was  jaundiced  four  months.  Ever  since  then  he 
has  been  constipated.  Up  to  two  years  ago  he  had  every  summer  an  attack 
of  pain  in  the  abdomen,  with  vomiting,  fever,  pain  in  the  head  and  back,  end- 
ing with  diarrhoea.  Has  never  had  jaundice  after  the?e  attacks.  During  the 
last  four  years  was  postmaster ;  had  long  hours,  ate  hurriedly  and  heartily, 
almost  without  mastication.  Thinks  this  has  aggravated  his  present  disease. 
Uses  tea  and  coffee  in  moderation  ;  smokes,  but  does  not  use  alcoholics. 

The  present  disease  began  in  December,  1897.  Constipation  was  very 
troublesome  and  the  patient  lost  weight.  Soon  after  this  he  noticed  a  heavy 
sensation  in  the  stomach  region.  In  the  spring  of  1898  had  an  attack  of 
pain  in  the  right  hypochondrium,  moving  down  toward  the  hip,  cutting,  of 
short  duration,  but  followed  by  pain  and  tenderness  in  the  liver  region,  in 
the  back,  and  the  right  side  of  the  abdomen.  Never  had  nausea  in  the 
attacks ;  pain  made  him  double  up.  Had  a  number  of  very  severe  attacks  of 
this  kind.  Gallstones  were  suspected,  but  never  found  in  the  stools.  In  April, 
1898,  began  to  vomit.  At  first  vomited  only  what  had  been  last  eaten ;  later, 
articles  eaten  a  day  or  so  before.  Never  vomited  blood  or  dark  material 
had  regurgitation  of  irritating  fluid. 

In  July,  1898,  a  tumor  was  discovered  just  below  the  ribs  in  the  right 
nipple  line.  This  he  thinks  grew  smaller.  During  all  this  year  the  abdomen 
was  distended  more  or  less.  In  December,  1898,  at  the  advice  of  a  friend, 
began  to  use  the  stomach-tube,  washing  out  the  stomach  three  times  a  week 
before  breakfast.  This  gave  much  relief,  but  was  associated  with  great  loss 
of  weight.  By  the  end  of  three  weeks  he  had  lost  twenty-five  to  thirty 
pounds  from  his  normal  weight,  had  no  appetite,  and  could  take  nothing  but 
milk.  He  was  then  treated  by  a  physician,  who  stopped  the  lavage,  gave 
strychnine,  laxatives,  etc.,  and  looked  after  the  diet.  He  then  improved, 
gaining  thirty-five  pounds  in  four  months.  The  pain  almost  disappeared. 
In  October,  1899,  he  began  to  vomit  after  almost  every  meal,  lost  weight  and 
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strength ;  the  appetite  failed ;  the  stomach  became  greatly  distended ;  sour, 
burning  fluid  was  regurgitated.  Food  remains  of  the  day  before  were  found 
in  the  vomitus,  but  there  was  never  any  blood.  Thinks  the  tumor  is  no 
larger  than  when  first  noticed. 

Status  prcBsens,  January  18,  1900.  The  patient  is  five  feet  six  inches  in 
height;  weighs  now  110  pounds;  frame  is  of  medium  size,  panniculus  ab- 
sent, muscles  small  and  flabby ;  skin  is  loose,  inelastic,  rough,  dry,  sallow ; 
there  is  marked  nodular  myoidema;  mind  clear,  expression  languid;  marked 
arcus  senilis.  The  visible  mucous  membranes  are  pale;  there  is  no  oedema; 
no  enlarged  glands;  joints  normal.  The  tongue  is  not  large,  the  papillae  not 
enlarged ;  surface  moist ;  thin  white  coat.  Teeth  are  defective ;  upper  plate. 
The  thorax  is  of  medium  size  and  well  formed.  Auscultation  and  percussion 
of  lungs  and  heart  negative.  Eadial  arteries  tortuous,  walls  uneven  ;  pulse, 
64,  regular ;  tension  moderate. 

Abdomen  in  general  is  below  the  level  of  the  ribs;  but  above  the  umbilicus 
tumors  of  considerable  size  form  and  disappear,  move  from  right  to  left,  back 
to  right  and  downward ;  they  can  easily  be  brought  out  by  tapping  on  the 
abdomen.  Auscultatory  percussion  shows  change  of  note  an  inch  below  the 
navel.  There  is  succussion  to  the  line  of  the  umbilicus.  Just  below  the  edge 
of  the  ribs  between  the  right  nipple  and  parasternal  lines  is  a  mass  about 
the  size  of  a  hen's  egg,  hard,  smooth ;  it  moves  down  with  inspiration  and  is 
retracted  with  considerable  force  in  expiration.  Liver-dulness  extends  from 
the  sixth  interspace  to  the  edge  of  the  ribs ;  the  organ  cannot  be  felt.  The 
splenic  dulness  is  small ;  the  spleen  cannot  be  felt.  The  right  kidney  can  be 
felt  on  deep  breathing. 

The  blood  flows  freely  and  is  of  good  color.  Eed  corpuscles,  4,960,000 ; 
leucocytes,  7250  ;  Fleischl,  75  ;  specific  gravity,  1056.  Difl'erential  count  of 
leucocytes  shows  lymphocytes,  7;  polymorphonuclear,  89;  transition,  2;  de- 
generates, 2  per  cent. 

10  P.M.  Stomach  prepared  for  Boas  gruel.  700  c.cm.  of  fluid  aspirated ; 
first  part  light,  then  darker,  with  acid  odor,  much  foam,  and  gas-bubbles 
breaking  after  standing.  Lower  layer  of  white  granular  material,  with  undi- 
gested meat,  potatoes,  milk.  Middle  layer  (if  clear,  pale-yellow  fluid ;  top 
layer  of  foamy  mucus  with  sarcines  and  yeasts,  fat,  muscle  fibres,  and  starch. 
No  blood,  no  pus,  nor  tissue. 

l^th.  Boas  breakfast  aspirated  after  forty-five  minutes.  200  c.cm.,  pale- 
yellow,  cloudy  fluid ;  odor  of  apples.  Reaction  acid  to  litmus ;  Congo  dark- 
blue;  Giinzberg  negative,  dimethyl  positive;  Ufl'elmann  negative.  Total 
acidity,  51  =  0.18615  ;  combined  acid,  7  =  0.02565  ;  free  HCl,  28.5  =  0.10402  ; 
organic  acid  and  acid  salts,  15.5  =  0.05657.  Digestion  in  test-tube  very  slow, 
even  with  addition  of  HCl.  Sediment:  food  remains,  few  leucocytes,  some 
very  small  bacilli — not  Oppler-Boas. 

Stomach  distended  with  COg.  Lesser  curvature  just  above  the  umbilicus ; 
greater  curvature  four  inches  below.  Stomach  is  perpendicular ;  tumor  is 
behind  the  right  end  of  the  distended  stomach. 
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Urine  examination  :  Excess  of  indican,  otherwise  negative.  Examination 
of  stool  negative.     Patient  was  given  special  diet  for  dilatation. 

20th.  Prepared  for  Boas  gruel  at  11  p.m.  The  washings  contain  sarcines 
and  small  bacilli  as  before. 

2\st.  Boas  meal,  one-half  hour.  400  c.cm.  dark  yellowish-brown  fluid, 
containing  food  particles  and  sarcines.  Giinzberg  positive;  the  quantitative 
tests  about  as  before ;  digestion  in  test-tube  slower  than  before.  Lavage  was 
repeated  every  two  or  three  days,  according  to  the  indications.  There  was 
always  more  or  less  fermentation,  with  sarcines.  Hydrochloric  acid  was 
always  present ;  lactic,  never.  The  patient  gained  three  pounds  in  ten  days. 
The  tumors  ceased  forming  in  peristalsis. 

The  diagnosis  was  dilatation  from  tumor  at  the  pylorus,  probably  the  scar 
of  an  old  ulcer.  When  admitted  the  patient  laid  much  stress  on  the  history 
of  paroxysmal  pain, with  soreness  in  the  epigastrium,  vomiting,  etc.  Although 
there  was  no  history  of  hemorrhage,  yet  the  symptoms  in  the  early  stages  had 
not  been  carefully  observed.  There  was  evidently  an  adhesion  between  the 
liver  and  the  stomach  tumor,  and,  on  account  of  the  history,  long  duration, 
and  absence  of  more  positive  evidences  of  malignancy,  I  thought  this  pointed 
rather  to  hypertrophic  scar  than  to  new-growth.  Largely  on  the  ground  of 
probability,  the  likelihood  of  carcinoma  being  present  in  the  tumor  was 
represented  to  the  patient.  Other  possibilities,  especially  sarcoma,  were 
considered,  but  the  features  of  the  case  were  not  considered  to  admit  a  dif- 
ferential diagnosis. 

The  patient  was  advised  to  submit  to  an  operation,  with  a  view  to  carrying 
out  the  best  treatment  permitted  by  the  local  conditions  when  examined 
directly.  He  consented,  and  pylorectomy  was  made  by  my  colleague.  Dr. 
C.  B.  Nancrede,  Professor  of  Surgery  in  the  University  of  Michigan.  The 
operation,  having  been  unavoidably  postponed,  was  done  February  5,  1900. 
The  part  removed  represented  about  one-third  of  the  long  axis  of  the  stomach 
and  about  two  centimetres  of  the  duodenum.  The  tissue  removed  seemed  to 
be  well  clear  of  new-growth  at  its  extremities.  No  metastasis  could  be  found. 
Uninterrupted  recovery  followed  the  operation.  The  patient  sat  up  in  three 
weeks  and  was  discharged  in  five  weeks,  having  gained  the  weight  lost  after 
the  operation,  and  is  still  increasing  rapidly.^ 

The  piece  of  tissue  removed  measured  6  cm.  along  the  lesser  curvature. 
The  pylorus  was  almost  closed.  Projecting  into  the  lumen  was  a  tumor  of 
oval  shape  about  6  by  4.5  cm.  in  diameter,  occupying  the  posterior  wall  of  the 
stomach.  The  serosa  behind  the  mass  was  covered  by  stringy  adhesions, 
which  had  been  separated  at  the  operation.  The  tumor  was  smooth,  elastic, 
and  on  section  showed  a  grayish-white,  almost  homogeneous  surface,  yield- 
ing few  cells  on  scraping.  Near  the  main  mass  were  several  smaller  nodules 
having  similar  microscopic  characters.    The  mucosa  in  the  uninvolved  part 

I  A  letter  of  May  14th  states  that  the  patient  gained  thirty  pounds  in  the  two  months  after 
his  discharge,  weighing  as  much  as  he  ever  did  ;  could  eat  anything,  and  was  free  from 
symptoms.    It  is,  of  course,  too  early  to  speak  of  radical  cure.— G.  D, 
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of  the  stomach  was  thick  and  uneven.  Over  the  tumors  it  was  smooth,  in 
places  red,  but  nowhere  eroded  or  ulcerated.  Section  showed  the  new- 
growths  to  be  chiefly  in  the  submucosa  and  muscularis.  Microscopically 
the  tumor  is  a  lymphosarcoma,  with  a  well-developed  reticulum  containing 
small  cells  in  its  meshes. 

The  new-growth  invades  the  muscularis,  but  does  not  show  a  tendency  to 
affect  the  mucosa  The  mucosa  in  parts  distant  from  the  tumor  shows  inter- 
stitial infiltration  without  evidences  of  sarcomatous  formation. 

Sarcoma  of  the  stomach  is  not  often  reported.  Schlesinger/  who 
made  a  careful  study  of  the  subject  in  1897,  was  able  to  find  refer- 
ences to  only  33  cases,  and  added  3  of  his  own.  I  have  found  records 
of  10  other  cases  in  periodic  literature,  3  of  which  (5,  10,  and  13)  I 
have  not  been  able  to  obtain,  besides  a  few  cases  briefly  mentioned 
in  text-books.  I  refer  to  3  of  the  latter.  One  of  the  cases  cited  by 
Schlesinger  (Hardy)  seems  to  have  been  one  of  cancer,  as  Tilger  has 
suggested.  On  the  other  hand,  it  is  probable,  as  Brooks  says,  that 
cases  of  sarcoma  of  the  stomach  have  been  incorrectly  reported  under 
the  name  of  cancer. 

The  absolute  rarity  of  the  affection  is  beyond  question,  and  the 
only  reason  for  calling  attention  to  it  again  is  to  ascertain  whether 
recent  additions  make  it  necessary  to  revise  the  older  views.  This  is 
all  the  more  needful  because  the  present  case  differs  in  certain  respects 
— notably  in  the  results  of  the  analysis  of  the  stomach  contents — 
from  those  previously  reported. 

In  the  following  it  is  unavoidable  that  I  follow  Schlesinger  closely, 
since  my  examination  of  the  literature  largely  confirms  his  conclu- 
sions. I  cheerfully  acknowledge  my  obligation  to  his  excellent  article, 
and  refer  to  it  for  the  earlier  literature. 

Sarcoma  of  the  stomach  may  be  primary  or  secondary,  and  the 
latter  is  perhaps  more  frequent  than  secondary  cancer,  but  is  rarely 
of  clinical  interest. 

Sarcomata  of  several  varieties  have  been  found  as  primary  growths 
in  the  stomach — i,  g.,  spindle-celled,  fibrosarcoma,  myosarcoma,  myxo- 
sarcoma, angiosarcoma,  and  round-celled  sarcoma.  The  majority  of 
the  latter  were  probably  lymphosarcomata. 

The  primary  growth  may  originate  in  any  part  of  the  stomach. 
Schlesinger  found  the  greater  curvature  often  involved,  especially  by 
the  varieties  that  form  tumor  masses  rather  than  flat  infiltrations.  In 
several  recent  cases  the  round- celled  or  lymphosarcomata  developed 
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in  the  pyloric  region,  and  some  of  the  others  in  the  posterior  wall. 
The  reported  cases  are  too  few  to  establish  rules  regarding  location, 
such  as  are  admitted  in  the  case  of  cancer. 

As  regards  size  the  tumors  vary  greatly,  but  a  rather  large  pro- 
portion reached  a  size  unusual  for  gastric  tumors.  In  Brodowski's 
case,  and  also  in  CantwelPs,^^  the  tumor  weighed  twelve  pounds.  In 
Baldy's^  case  the  mass  filled  the  abdomen  from  the  ensiform  to  the 
pubes.  The  growth  begins  in  most  cases  in  the  submucosa,  or,  less 
frequently,  the  muscularis. 

Primary  lymphosarcoma  of  the  stomach  sometimes  produces  exten- 
sive flat  infiltrations  or  local  thickenings,  or,  as  in  the  present  case, 
circumscribed  tumors.  The  mucosa  is  rarely  involved  early,  but  may 
be  stretched  or  its  nutrition  injured  by  pressure,  and  it  may  then 
ulcerate.  In  some  cases  the  tumor  projects  outward.  Softening  is 
not  unusual,  especially  in  the  larger  tumors.  Suppuration  may  also 
occur,  and  in  either  case  peritonitis  from  rupture  may  follow.  In 
some  cases  rupture  has  occurred  into  the  cavity  of  the  stomach. 

Metastases  occur,  as  in  other  sarcomata,  and  may  be  found  in  the 
neck,  pharynx,  or  various  parts  of  the  abdomen.  In  some  cases,  even 
with  primary  lymphosarcoma,  the  disease  has  lasted  a  long  time  with- 
out metastases. 

As  regards  age,  Schlesinger  found  lymphosarcoma  of  the  stomach 
most  frequent  between  twenty  and  thirty-five ;  other  varieties  some- 
what later.  In  Finlayson's^*^  case  a  rickety  and  feeble  child  was 
affected  at  three  years,  and  died  six  months  later.  In  Westphalen's^ 
case  of  myxosarcoma  the  patient  was  twenty-eight.  Men  are  more 
frequently  affected  than  women. 

The  study  of  sarcoma  of  the  stomach  throws  no  light  as  yet  on  the 
cause.  In  Brooks'^  case  the  disease  began,  apparently,  in  the  scar 
of  a  bullet  wound  acquired  many  years  before. 

Our  knowledge  of  the  clinical  features  is  even  more  meagre  than 
that  of  the  anatomical  facts,  since  only  a  small  proportion  of  cases 
were  carefully  examined  during  life. 

The  mode  of  onset  varies,  but  is  often  insidious.  Thus,  in  Baldy's® 
remarkable  case  the  stomach  had  "  never  given  the  patient  a  day's 
trouble ;''  the  appetite  was  voracious ;  there  was  no  vomiting.  In 
CantwelPs  case  also  there  were  no  gastric  symptoms.  In  both  these 
cases  the  disease  began  in  the  posterior  wall.     Later,  such  symptoms 
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as  loss  of  appetite,  vomiting,  and  pain  of  various  kinds  and  various 
degrees  of  intensity  occur.  The  pain  may  be  referred  to  the  epi- 
gastrium or  the  back.  Hemorrhage  is  almost  never  an  early  symp- 
tom, but  when  it  occurs  may  have  the  different  characteristics  that 
present  themselves  in  cancer,  the  blood  resembling  coffee-grounds,  or 
being  fresh  or  clotted.  In  Hartley's^  case  there  was  a  history  of 
coffee-ground  vomiting  five  years  before,  after  long-standing  dyspep- 
tic symptoms.  A  year  before  the  operation,  at  which  the  mucosa 
was  found  not  ulcerated,  there  was  vomiting  of  coffee-ground  ma- 
terial and  also  clots.  Blood,  more  or  less  altered,  may  also  appear  in 
the  stools. 

If  there  is  tumor,  it  presents  the  same  variety  of  physical  conditions 
as  in  cancer,  except  in  cases  with  colossal  growth,  when  the  relations 
may  be  impossible  to  make  out  clinically  and  difficult  to  understand 
at  an  exploratory  operation.  If  in  the  pyloric  region  obstruction, 
dilatation,  increased  peristalsis,  stagnation,  and  decomposition,  les- 
sened diuresis,  concentration  of  the  blood,  even  tetany,  may  result. 
Dilatation  may  occur  without  obstruction  in  the  case  of  wide-spread 
infiltration. 

Examinations  of  the  stomach  contents  have  been  made  in  only  a 
few  cases.  In  all  but  the  present  one  (nine  others  reported)  free 
HCl  was  absent ;  in  most  of  them  lactic  acid  was  present.  In  one 
of  Schlesinger's  cases  there  was  free  HCl  in  the  beginning,  but  it  dis- 
appeared. Sarcines  were  absent  from  the  other  cases  as  a  rule,  and 
in  one  of  Schlesinger's  cases  long  bacilli  were  present.  In  some  cases 
there  was  no  blood  in  the  stomach  contents,  but  in  others  there  was, 
so  that  the  resemblance  to  the  findings  in  cancer  is  very  close.  So 
far  as  the  present  case  is  concerned,  the  presence  of  free  hydrochloric 
acid  and  sarcines  does  not  materially  weaken  the  conclusion  that  the 
stomach  contents  in  both  cancer  and  sarcoma  have  the  same  charac- 
teristics, since  it  has  long  been  known  that  absence  of  hydrochloric 
acid  and  presence  of  lactic  acid  are  not  due  to  the  cancer  as  such. 
In  fact,  the  conditions  observed  in  my  case  are  found  in  some  cases  of 
cancer  of  the  pylorus  up  to  a  late  period. 

The  blood  in  the  cases  of  sarcoma  of  the  stomach  hitherto  examined 
showed  diminished  red  cells  and  haemoglobin  and  usually  leucocytosis. 
No  examinations  seem  to  have  been  made  regarding  digestion  leuco- 
cytosis. 
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The  average  duration  of  the  disease  is  one  to  one  and  one-half  years. 

The  diagnosis  of  sarcoma  of  the  stomach  has  rarely  been  made 
during  life.  In  the  case  of  Westphalen  it  was  based  on  the  micro- 
scopic examination  of  a  bit  of  tissue.  In  one  of  Schlesinger's  cases 
the  diagnosis  of  lymphosarcoma  was  made,  based  on  supposed  meta- 
static growths  in  the  intestine  and  lymphatic  glands  and  enlarged 
spleen.  Autopsy  revealed  myosarcoma  with  suppuration  and  perfor- 
ation of  the  stomach.  There  were  a  few  retroperitoneal  metastases. 
RiegeP^  mentions  a  case  in  which  a  large  sarcoma  nodule  was  vomited 
and  the  diagnosis  made.  There  were  in  the  same  case  metastases  in 
the  skin.  The  danger  of  depending  on  coexisting  tumors  in  the  skin 
is  made  clear  by  von  Leube/^  who  found  in  one  case  sarcoma  in  the 
skin  and  an  epithelial  tumor  in  the  stomach. 

This  symptom  is  probably  as  little  reliable  as  two  others  mentioned 
by  Schlesinger :  enlargement  of  the  spleen  and  swelling  of  the  follicles 
of  the  tongue — both  thought  by  Kundrat  to  be  common  in  lympho- 
sarcoma. They  may  sometimes  enable  one  to  correctly  recognize 
gastric  sarcoma  in  a  late  stage. 

So  far  as  the  earlier  stages  are  concerned  we  have  no  specific 
symptoms  of  sarcoma  of  the  stomach,  and  even  when  tumor  is  present 
it  cannot  be  positively  differentiated  from  cancer.  Just  as  in  cancer, 
it  is  important  to  discover  the  affection  of  the  wall  early,  and,  if  pos- 
sible, to  carry  out  either  radical  or  palliative  operative  treatment 
without  taking  time  to  make  a  histological  diagnosis  from  the  clinical 
features.  If  discovered  too  late  for  this,  the  treatment  must  follow 
the  same  general  lines  as  for  other  tumors  of  the  stomach.  The 
results  of  operations  compare  favorably  with  those  for  other  malig- 
nant stomach  diseases.  In  Cantwell's  case  a  spindle-celled  sarcoma 
involving  five  inches  square  of  the  stomach  wall  was  removed.  The 
patient  was  free  from  symptoms  for  six  months  after  the  operation, 
and  then  a  secondary  tumor  was  discovered. 
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PERICHONDRITIS  OF  THE  LARYNX  IN  TYPHOID 

FEVER. 


By  M.  how  a  ED  FUSSELL,  M.D., 

OF  PHILADELPHIA. 


The  chapter  in  Professor  Keen's  admirable  work  on  Surgical 
Complicaiions  and  Sequels  of  Typhoid  Fever  leaves  little  to  be  said 
upon  the  interesting  subject  of  typhoid  affections  of  the  larynx, 
and  this  paper  will  simply  add  a  new  case  to  the  already  growing 
list  of  recoveries  from  this  former  almost  uniformly  fatal  complica- 
tion, and  compare  the  new  case  I  have  to  record  with  a  fatal  case  I 
reported  before  the  American  Medical  Association  in  July,  1897, 
and  which  Keen  has  figured  in  his  book.  The  statistics  I  owe 
largely  to  Keen's  book. 

The  subject  of  perichondritis  of  the  larynx  in  typhoid  fever  is  but 
lightly  touched  upon  in  the  text-books  of  medicine,  which  makes  an 
excuse  for  this  paper  rather  than  the  simple  report  of  a  case.  Few 
of  the  text-books  mentioned  the  complication,  though  Osier  and 
Striimpell  speak  of  it. 

A  catarrhal  laryngitis,  and  in  some  cases  superficial  ulcerations  of 
the  laryngeal  surfaces,  occur  without  giving  rise  to  symptoms  which 
alarm  either  the  patient  or  the  physician.  This  was  the  fact  in  both 
my  cases,  and  is  so  graphically  described  by  Lunig^  in  his  article 
upon  this  subject,  that  I  feel  that  I  can  do  no  better  than  follow 
Keen  and  quote  what  he  says  in  toto : 

The  fact  that  the  patient  at  the  time  when  the  lesions  in  the  larynx  are 
so  wide-spread  that  they  ought  to  be  recognized  clinically,  lies  in  typhoid 
apathy,  and  often  makes  no  complaint  of  his  suffering,  is  a  great  hinderance 
to  the  clinician.  All  the  more  is  it  his  duty  not  to  allow  even  slight  com- 
plaints, especially  if  they  arouse  even  a  suspicion  of  any  laryngeal  complica- 
tion, to  pass  unnoticed.     .     .     . 

^  Arcniv  fur  klin.  Chirurgie,  1884,  Band  xxx.  p.  225. 
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In  the  histories  will  be  found  the  oft-recurring  remarks,  ''  The  patient  was 
doing  well/'  or  '^  he  was  slightly  hoarse,"  "  complained  slightly  of  dys- 
pnoea," etc.  .  .  Physician  and  patient  together  rejoice  over  the  daily  progress 
toward  convalescence ;  of  the  still  slight  but  persistent  trouble  in  the  throat 
scarcely  a  word  is  said,  until  all  at  once — an  exposure  to  cold,  a  little  walk, 
are  then  usually  blamed  for  it — the  hoarseness  increases,  and  swallowing  be- 
comes markedly  painful.  The  picture  now  quickly  alters.  Soon,  often 
within  a  few  hours,  come  dyspnoea  and  suffocative  attacks.  Sometimes,  even 
during  the  very  first  day,  the  anxious  scene  of  laryngeal  stenosis  sets  in,  with 
stridor,  inspiratory  depression  of  the  neck  and  chest-wall — the  unrest  of  de- 
spair, a  struggle  with  death.  The  face  becomes  livid,  the  respiration  be- 
comes rapid,  wearisome ;  the  auxiliary  muscles  of  respiration  are  all  called 
into  play ;  sometimes  the  respirations  are  prolonged  and  noisy.  The 
patient  can  find  no  rest ;  the  dyspnoea  even  prevents  the  taking  of  nour- 
ishment the  expectoration  of  the  increasing  mucus  becomes  imperfect ; 
soon  attacks  of  suffocation  recur.  Either  a  tracheotomy  must  now  be  done 
immediately  or  the  patient,  if  he  is  weak,  may  choke  to  death,  even  in 
the  first  attack.  More  commonly,  however,  the  attack  subsides,  and  a  slight 
improvement  with  a  short  sleep  will  ensue.  Expectoration  of  bloody  mucus, 
masses  of  pus,  and,  in  some  cases,  even  of  pieces  of  cartilage  diminish  the  symp- 
toms, and  show  at  the  same  time  that  the  real  cause  of  the  dyspnoea  is  not  a 
catarrhal  oedema  or  dropsical  swelling,  but  a  destructive  ulceration  even  of 
the  cartilages.  Often,  also,  there  is  severe  fever.  Thus  pass  on,  it  may  be 
even  days  and  weeks,  easy  breathing  alternating  with  the  suffocating  attacks. 
The  alternative  is  only  a  finally  fatal  attack  of  suffocation  or  a  late  palliative 
tracheotomy  with  all  its  uncertainty.     .     .     . 

In  these  cases  the  objective  signs  of  laryngeal  stenosis,  on  which  we  gener- 
ally depend,  are  much  less  marked  ;  stridor,  movements  of  the  pharynx,  in- 
spiratory depression,  action  of  the  auxiliary  inspiratory  muscles— in  short, 
everything  upon  which  in  the  healthy  we  made  the  diagnosis  of  narrowing  of 
the  air-passages  is,  in  the  vita  minima  of  the  weakened  patient,  far  less  out- 
spoken, and  easily  deceives  us  as  to  the  degree  of  the  danger  of  suffocation. 
The  striking  suffocative  attacks,  with  arrest  of  respiration,  so  alarming  even 
to  the  lay  observer,  are  less  noticeable,  since  the  struggle  of  the  patient  with 
the  mechanical  obstruction  quickly  fails  or  is  quickly  abandoned.  The  con- 
dition passes  itto  a  death  agony,  with  oedema  of  the  lungs,  without  the 
stenosis  seeming  to  have  reached  a  threatening  degree.  .  .  .  And  thus  one 
sees,  often  with  astonishment,  in  the  reports  of  the  necropsies,  how  often  the 
stenosis  and  destruction  of  the  cartilages  occurs,  as  it  were,  "  without  even 
any  symptoms." 

This  description  details  in  most  graphic  words  the  condition  in 
both  of  ray  patients.  In  the  first,  nothing  was  noticed  until  severe 
symptoms  came  on.  In  the  second,  stridor  was  the  first  noticeable 
symptom. 
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Frequency  of  Occurrence.  The  infrequency  of  this  complication 
may  be  judged  from  the  fact  that  in  a  series  of  2000  autopsies  for 
typhoid  fever  reported  in  the  Munchener  medicinische  Wochenschrift 
for  1891  there  were  15  cases  of  perichondritis  of  the  larynx,  or  seven- 
tenths  of  1  per  cent,  of  the  cases. 

Keen  has  collected  221  cases  : 

Age  of  146  cases  :  Under  fifteen  years,  12  cases ;  fifteen  to  twenty- 
five  years,  87  cases  ;  over  twenty-five  years,  47  cases. 

One  of  my  cases  will  be  found  in  the  second  division  of  this  list, 
the  other  in  the  last,  their  ages  being  respectively  eighteen  and  thirty 
years. 

Sex  oi  148  cases:  Males,  119;  females,  29.  Both  of  my  cases 
were  males. 

Site  of  Stenosis.  Supraglottic,  50  ;  infraglottic,  56;  in  the  glottis, 
18.  In  one  of  my  cases  the  cricoid  was  affected  and  the  stenosis 
was  below  the  glottis.  In  the  other  the  intra-arytenoid  space  was 
the  beginning  seat. 

Date  of  Onset.  This  is  generally  late  in  the  course  of  the  disease  ; 
in  my  first  case  convalescence  Was  well  established.  On  the  sixth 
day,  after  the  temperature  became  normal  and  after  a  mild  attack  of 
fever,  stenosis  suddenly  developed.  In  my  last  case  the  first  symp- 
toms of  stenosis  occurred  on  the  forty- fourth  day  of  the  disease, 
fourteen  days  after  the  beginning  of  normal  temperature.  The 
patient  up  to  this  date,  however,  was  extremely  weak. 

Mortality/.  Where  there  is  an  actual  necrosis  of  the  cartilage  the 
mortality  is  exceedingly  high  ;  of  75  cases  reported  by  Keen  71  died, 
or  a  mortality  of  95  per  cent.  One  of  these  cases  (my  own)  gave 
excellent  opportunity  for  operation,  but  the  chance  was  refused  by 
the  stupidity  of  the  relatives.  In  all  the  forms  of  stenosis,  of  197 
cases  132  died  and  65  recovered,  a  mortality  of  67  per  cent.  Of 
98  cases  not  operated  upon  21  recovered  and  77  died,  or  a  mortality 
of  78.6  per  cent.  Of  99  cases  operated  upon  44  recovered  and  55 
died,  a  mortahty  of  55.5  per  cent. 

This  mortality  of  operated  cases  is  doubtless  higher  than  it  will 
be  in  the  next  equal  number  of  cases  operated  upon,  because  opera- 
tion will  not  be  delayed,  and  consequently  more  lives  will  be  saved. 
The  danger  of  delay  is  well  illustrated  in  my  two  cases.  In  the 
first  evident  stenosis  was  present  for  at  least  forty-eight  hours  before 
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death  occurred,  and  in  this  case  Ihe  stenosis  was  unquestionably  due 
to  the  protrusion  of  the  abscess  wall  into  the  lumen  of  the  larynx, 
as  there  was  very  little  oedema. 

In  the  second  case  the  gravity  of  the  situation  was  recognized 
quite  early  enough;  but  the  boy  almost. lost  his  life,  owing,  first,  to 
procrastination,  and,  when  operation  was  decided  upon,  to  the  delay 
of  a  train  bearing  the  surgeon. 

Laryngeal  examinations  were  made  in  thirty-two  instances.  In 
all  cases  there  were  redness,  swelling,  aud  oedema  of  the  portions  of 
the  larynx.  In  my  first  case  the  laryngeal  examinations  revealed 
externally  much  tumefaction  and  tenderness  over  the  entire  larynx. 
Internally  there  was  simply  a  red,  swollen  mass  seen  below  the  cords  ; 
the  cords  themselves  were  red  and  swollen. 

In  my  second  case,  underlying  the  epiglottis  was  a  huge  red 
oedematous  mass,  entirely  obscuring  the  cords,  this  occurring  at  least 
twenty-four  hours  before  symptoms  of  severe  stenosis  appeared. 

Final  Results  of  Oases  Operated  Upon,  Lunig  has  collected  60 
cases  which  recovered  after  tracheotomy;  11  were  able  to  dispense 
with  the  use  of  the  canula  in  periods  varying  from  seven  months  to 
six  years,  but  the  other  49  were  forced  to  wear  the  tubes  during  the 
remainder  of  their  lives.  Some  could  go  without  the  tube  in  the 
daytime  and  were  forced  to  use  it  at  night.  The  latter  was  the  fact 
with  my  second  case ;  he  did  not  finally  dispense  with  the  tube  for 
six  months.  Soon  after  he  was  about,  however — indeed,  in  four  or 
five  weeks — the  tube  could  be  occluded  for  hours  at  a  time;  at 
night,  however,  he  was  forced  to  open  the  tube. 

The  following  cases  came  under  my  observation  : 

Case  I.  (reported  before  the  American  Medical  Association,  1897). — I 
respectfully  refer  to  that  article,  but  quote  an  abstract.  The  patient  suffered 
from  an  attack  of  typhoid  fever,  as  proven  by  the  symptoms  and  the  post- 
mortem. 

On  the  fifth  day  of  convalescence,  without  previous  laryngeal  symptoms, 
he  swallowed  a  hard  piece  of  apple,  and  suddenly  began  to  suffer  from  symp- 
toms of  laryngeal  stenosis. 

Three  days  passed  before  the  death  of  the  patient,  in  which  he  suffered 
tortures,  but  operation  was  refused  by  the  family,  and  this  was  acquiesced  in 
by  the  physician  in  charge. 

The  post-mortem  showed  the  lesions  of  typhoid  fever  in  the  glands  of  the 
intestine,  and  a  huge  abscess  about  the  cricoid  cartilage.     When  the  larynx 
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was  split  posteriorly  the  necrosed  cartilage  could  be  well  seen,  as  shown  in 
the;specimens.     (See  Figure.) 

Case  II. — H.  N.,  aged  seventeen  years.  The  case  was  a  typical  one  of 
typhoid  fever;  emaciation  was  extreme,  diarrhoea  profuse,  delirium  was 
severe  and  long  continued.  During  the  course  of  the  disease  numerous  in- 
dolent abscesses  occurred  in  various  parts  of  the  body.  Typical  rose-colored 
spots  were  numerous,  spleen  was  enlarged,  the  temperature-range  was  typical. 


Necrosed  cricoid  cartilage,    a,  necrosed  cartilage. 


Normal  temperature  was  reached  on  the  twenty-seventh  day  of  the  disease, 
and  convalescence  was  uninterrupted  for  thirteen  days.  At  that  time  the 
patient  had  a  severe  chill,  apparently  due  to  an  exacerbation  of  a  severe 
abscess  in  the  arm.  The  evacuation  of  this  abscess  was  followed  by  immedi- 
ate fall  of  temperature.  At  the  same  time,  when  the  patient  was  excited,  he 
began  to  have  stridulous  breathing.  When  asleep,  or  when  perfectly  calm, 
there  was  absolutely  nothing  abnormal  to  be  noticed  about  the  breathing. 
There  was  no  hoarseness,  no  soreness,  nor  swelling  of  the  larynx  externally. 

Laryngeal  examination  at  this  time  showed  what  was  apparently  a  simple 
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laryngitis,  simple  redness  of  the  mucous  membrane  of  the  larynx.  This 
deceived  me.  I  thought  there  was  nothing  but  a  catarrhal  laryngitis.  The 
next  day,  however,  there  was  more  or  less  stridulous  breathing,  which  became 
marked  during  sleep.  Operation  was  unfortunately  delayed  twenty-four 
hours,  and  in  the  meantime  stenosis  continued  to  increase,  and  the  patient 
became  the  picture  of  distress,  each  inspiration  being  difficult  and  labored, 
before  the  surgeon  was  obtained. 

Operation  was  decided  to  be  done  at  8  p.m.  Owing  to  the  wreck  of  the 
train  bearing  the  surgeon,  Dr.  A.  C.  Wood,  of  Philadelphia,  that  gentleman 
did  not  arrive  until  11  p.m.  At  7  p.m.  I  was  called  to  the  house  and  found 
the  boy  suffering  extremely,  with  a  weak,  unsteady  pulse  and  in  danger  of 
suffocation.  I  was  tempted,  even  with  my  lack  of  skill  and  dearth  of  proper 
instruments,  to  open  the  trachea  before  Dr.  Wood's  arrival.  Fortunately, 
however,  I  desisted.  Immediately  upon  Dr.  Wood's  arrival  he  opened  the 
trachea ;  bleeding  was  profuse ;  the  patient  ceased  to  breathe ;  but  by  the 
skilful  and  fortunately  rapid  operation  and  artificial  respiration  the  point 
of  danger  was  passed  and  the  tracheotomy  tube  inserted. 

The  patient  wore  the  tube  constantly  for  six  months  after  the  operation. 
Four  weeks  after  the  operation  the  lumen  of  the  tube  was  occluded  with 
gauze,  at  first  for  an  hour,  and  later  for  the  entire  day,  but  invariably  the 
obstruction  was  removed  at  night.  Finally  he  slept  with  the  tube  occluded. 
The  tube  was  first  removed  five  months  after  the  operation,  but,  after  being 
out  twenty-four  hours,  was  replaced.  It  was  finally  removed  six  months 
after  operation. 

The  patient  remains  well,  with  a  slight  stridor  in  breathing  and  hoarse- 
ness of  the  voice  and  some  dyspnoea  on  exertion. 

Dr.  Charles  P.  Grayson,  of  Philadelphia,  made  examinations  of 
the  larynx  from  time  to  lime,  with  the  results  as  follows,  which  he 
has  kindly  allowed  me  to  embody  in  my  notes  : 

Previous  to  the  laryngeal  examination  the  association  of  marked'inspira- 
tory  difficulty  with  a  comparatively  moderate  alteration  of  the  voice  sug- 
gested a  double  abductor  paralysis.  The  mirror,  however,  at  once  disposed 
of  this  suspicion  by  revealing  an  enormous  swelling  involving  the  tissues  of 
the  interarytenoid  space  and  the  aryepiglottic  folds.  It  was  a  pale  fluctu- 
ating mass  in  contact  posteriorly  with  the  pharyngeal  wall,  and  extending 
forward  almost  to  the  base  of  the  epiglottis.  The  space  left  for  the  ingress 
of  air  was  extremely  narrow  and  fully  accounted  for  the  dyspnoea.  The 
patient's  vitality  was  so  low  that  puncture  of  the  abscess  without  a  prelimi- 
nary tracheotomy  would  probably  have  proved  fatal.  During  or  shortly  after 
the  tracheotomy,  which  was  performed  the  next  day,  spontaneous  rupture  of 
the  abscess  occurred,  the  point  of  rupture  being,  upon  the  anterior  surface  of 
the  swelling  slightly  to  the  right  of  the  median  line.  During  the  ensuing 
several  weeks  moderate  purulent  discharge  from  this  spot  was  accompanied 
by  the  escape  of  several  small  fragments  of  necrosed  cartilage.     Cicatrization 


PERICHONDRITIS    OF    LARYNX    IN    TYPHOID    FEVER.       179 

was  attended  with  the  development  of  a  mass  of  exuberant  granulation 
tissue,  which  was  removed  by  the  cutting  forceps.  In  spite  of  frequently 
repeated  dilatation  of  the  glottis  ankylosis  of  the  crico-arytenoid  joints  oc- 
curred, and  the  present  condition  of  the  larynx  is  as  follows  : 

Complete  immobilization  of  the  crico-arytenoid  articulations  and  of  the 
vocal  cords.  The  latter  are  closely  approximated  in  their  anterior  third,  and 
then  gradually  recede  from  one  another  until  at  their  posterior  extremities 
there  is  an  interval  between  them  of  about  a  fourth  of  an  inch.  The  cartil- 
aginous portion  of  the  left  cord  is  absent,  owing  to  the  destruction  of  the 
base  of  the  corresponding  arytenoid  cartilage. 

The  points  of  greatest  interest  and  importance  in  these  cases  seem  as 
follows,  and  they  are  points  noted  in  most  published  cases.  In  both 
instances  the  patients  were  convalescent.  In  one  case  the  attack  of 
fever  was  severe;  in  the  other  mild.  In  both  cases  the  laryngeal 
symptoms  appeared  after  some  sort  of  exertion  of  traumatism  ;  in 
the  one  eating  an  apple,  in  the  other  the  shock  of  opening  a  rather 
large  abscess.  In  both  the  severe  symptoms  came  on  suddenly  and 
threatened  life  in  a  very  few  hours.  Previous  to  the  severe  symp- 
toms there  was  nothing  which  would  alarm  an  observer  who  had  not 
met  with  this  extremely  trying  complication. 

Early  in  the  laryngitis  in  both  cases  there  was  some  slight  dis- 
turbance of  breathing;  in  one  some  hoarseness;  but  in  the  first  case 
these  symptoms  attracted  absolutely  no  attention.  I  am  quite  sure 
the  early  symptoms  in  the  second  case  would  have  gone  unnoticed 
except  for  my  experience  with  the  first  case.  If  that  had  been  true 
the  patient  would  doubtless  have  succumbed  before  he  could  have 
obtained  relief. 

In  the  case  which  recovered  after  operation  I  believe  much  benefit 
was  derived  after  the  operation  from  the  daily  plugging  of  the  canula. 
In  this  way  the  cords  were  moved  and  not  allowed  to  become  fixed 
in  adduction  to  so  great  a  degree  as  otherwise  would  have  occurred. 
Then,  too,  the  patient  became  used  to  breathing  with  the  tube  closed, 
and  there  was  no  mental  shock  when  it  was  finally  removed. 

Tracheotomy  is  the  only  possible  relief,  and  should  be  done  early 
— as  soon  as  the  diagnosis  is  made;  indeed,  now  that  surgical  inter- 
ference in  typhoid  oases  is  shown  to  be  practicable,  one  had  better 
err  on  the  side  of  a  useless  tracheotomy  than  risk  a  sudden  stenosis. 
I  am  sure  all  would  agree  to  this  if  they  could  have  gone  with  me 
through  a  few  hours  of  this  boy's  life. 


A  CASE  OF  SCLERODERMA. 


By  SAMUEL  B.  WARD,  M.D., 

OF  ALBANY.  N.  Y. 


On  October  23,  1899,  Dr.  E.  C.  Van  Dusen  brought  to  my  office 
Mrs.  E.  H.,  of  West  Athens,  N.  Y.,  that  I  might  see  her  in  consulta- 
tion with  him.  As  she  was  in  haste  to  return  home  the  examination 
was  more  or  less  hurried  and  unsatisfactory,  and  I  saw  her  again  at 
her  home  on  November  3d.  Her  occupation  was  that  of  a  housewife ; 
she  was  forty  years  of  age,  born  in  Athens,  N.  Y.,  and  had  always 
lived  there.     Family  history  was  negative. 

Personal  History.  She  was  always  strong  and  well  as  a  child  ; 
her  menstruation  began  at  fourteen  years  of  age,  and  was  regular  until 
January,  1900,  when  it  ceased.  She  was  married  at  twenty- two 
years  of  age,  has  had  one  child,  and  no  miscarriages.  In  1890  had 
an  attack,  the  history  of  which  sounds  very  much  like  that  of  appen- 
dicitis, followed  by  a  copious  discharge  of  pus  from  the  rectum.  She 
had  repeated  attacks  of  malaria  until  marriage ;  then  she  removed  to  a 
point  three  miles  back  from  the  river  lowlands,  and  has  had  no  par- 
oxysm since. 

In  1891  had  an  attack  of  pneumonia,  severe  in  its  character ;  crisis 
occurred  on  the  tenth  day,  and  recovery  was  complete. 

Six  years  ago,  in  a  runaway  accident,  was  thrown  out  of  a  carriage 
and  received  a  serious  injury  to  her  head;  a  slightly  depressed  cir- 
cular scar,  an  inch  and  a  half  in  diameter,  remaining  over  the  left 
frontal  eminence,  while  over  the  right  frontal  eminence  twa  lines  of 
scar-tissue,  crossing  at  right  angles,  mark  the  eiFect  of  the  accident 
here.  She  was  not  unconscious,  and,  save  the  fright,  showed  no 
brain  symptoms. 

History  of  Present  Illness.  The  first  symptom  the  patient  noticed 
was  some  thickening  of  the  sternocleidomastoid  muscles,  which  made 
movement  of  the  head  somewhat  difficult.    The  patient  next  noticed  that 
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the  ends  of  the  fingers  of  both  hands  seemed  unusually  white.  Fingers 
felt  cold  to  the  touch,  somewhat  rigid,  but  not  painful  unless  attempts 
at  movements  were  made.  Following  this  some  stiffness  with  brawny 
infiltration  over  the  wrists  showed  itself  and  made  the  movement  of 
the  wrist-joint  difficult.  The  skin  over  the  buttocks  became  somewhat 
thickened,  and  pain  in  the  calves  of  both  legs  showed  itself. 

Examination,  November  3,  1899 :  Patient  is  slightly  built,  rather 
emaciated,  and  looks  anaemic.  The  skin  of  the  face  was  of  a  yellowish 
color,  fading  away  to  a  less  dark  hue  on  neck,  while  over  the  chest 
and  abdomen  no  pigmentation  can  be  seen.  Over  the  knees  and  but- 
tocks the  skin  seems  slightly  darkened  in  color. 

When  I  visited  her  she  was  lying  in  bed,  although  she  had  been 
up  the  previous  day  and  was  intending  to  get  up  again  after  I  left. 
Her  pulse  was  104  and  her  temperature  98.8°.  Her  hands  were 
cold,  but  her  feet  were  warm  and  somewhat  moist  with  perspiration. 
The  skin  over  the  chest  and  abdomen  was  normal,  but  was  markedly 
thickened  over  the  wrist,  less  so  over  the  hands  and  forearms.  The 
skin  over  the  back  and  buttocks  was  thick  and  leathery.  She  was 
cold  and  wanted  the  room  warmer  than  was  necessary  for  one  in 
health.  The  lower  extremities  were  both  of  them  oedematous  to  a 
point  half-way  up  to  the  knee,  but  not  markedly  so. 

The  face  was  quite  expressionless,  smooth  like  a  mask,  and  her 
relatives  had  noticed  this  change.  The  nose  was  not  changed  at  all. 
There  was  thickening  of  the  skin  on  the  forehead  to  a  slight  degree, 
but  marked  on  the  cheeks  and  temples,  more  so  on  the  left  side  than 
on  the  right,  destroying  the  symmetry  of  the  face.  Her  tongue  was 
pale  and  flabby,  looking  anaemic,  and  was  slightly  coated.  The  hair 
was  soft  and  looked  normal.  The  scars  remaining  from  her  accident 
of  six  years  ago  were  distinct  and  showed  no  evidence  of  the  thicken- 
ing present  elsewhere. 

She  could  open  her  mouth  barely  wide  enough  to  admit  one  finger. 
This  seemed  to  be  due  to  the  pain  which  the  effort  produced  in  the 
masseter  muscles.  Taking  food  into  her  mouth  caused  great  pain 
in  the  masseters  before  she  began  chewing  it,  which  pain  was  not 
aggravated  by  mastication,  but,  on  the  contrary,  gradually  subsided. 

The  sense  of  taste  was  normal. 

The  pupils  were  normal,  responding  both  to  light  and  accommoda- 
tion. 
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Examinations  of  the  heart,  lungs,  and  urine  gave  negative  results. 
There  is  tenderness  in  the  abdomen  over  the  site  of  the  appendix, 
which  has  been  there  ever  since  the  attack  she  had  in  1890.  The 
spleen  was  slightly  enlarged,  while  the  liver-dulness  was  normal.  Ex- 
amination of  the  spinal  column  showed  some  tenderness  over  the 
spine  on  percussion  in  the  lumbar  region  and  also  over  the  roots  of 
the  spinal  nerves,  on  both  sides,  on  pressure.  Over  the  buttocks, 
pelvis,  abdomen,  and  outer  aspect  of  both  thighs  and  left  leg  were 
numerous  white  striae  similar  to  those  caused  by  stretching  the  skin, 
although  there  was  no  history  of  any  swelling  ever  having  occurred 
in  most  of  these  parts. 

In  the  right  upper  extremity  the  limb  was  thin,  but  the  skin  was 
natural  in  appearance,  except  that  just  above  the  elbow  it  appeared 
somewhat  reddened.  Over  the  back  of  the  wrist  the  skin  was  thick- 
ened and  tough,  not  oedematous,  but  hard  and  brawny,  and  could  not 
be  pinched  up ;  was  not  pale  but  mottled,  as  if  the  capillary  circula- 
tion were  imperfect ;  motion  at  the  wrist  was  almost  entirely  abolished, 
and  the  effort  to  make  motion,  either  active  or  passive,  had  been  very 
painful,  but  at  present  it  is  less  so. 

There  was  no  superficial  hypersesthesia  or  anaesthesia  at  this  time, 
though  she  said  that  it  had  been  anaesthetic.  There  was  no  pain  in  the 
wrist  unless  motion  was  attempted.  Her  hands  were  lying  in  a  pecu- 
liar position  indicative  of  helplessness.  The  wrist-joints  were  per- 
fectly straight,  neither  extended  nor  flexed,  as  if  the  brawny  swelling 
acted  like  a  straight  splint.  Passing  up  from  the  wrist  to  the  elbow 
this  induration  gradually  disappeared.  The  skin  over  the  back  of 
the  hand  was  about  the  same  as  at  the  wrist.  The  fingers  were  swollen 
up  so  that  her  wedding-ring,  which  six  months  ago  almost  dropped 
off,  cannot  now  be  removed  without  cutting  it.  The  fingers  were 
flexed  in  a  curve,  the  effort  to  straighten  them  causing  considerable 
pain  and  being  only  partially  successful.  It  also  caused  the  flexor 
tendons  to  stand  out  prominently  on  the  anterior  surface  of  the  fore- 
arm. The  true  skin  and  the  connective  tissue  beneath  it  seemed  to 
be  the  seat  of  the  thickening ;  the  epidermis  was  not  changed  at  all 
except  by  stretching.  The  wrist  and  all  the  joints  below  it  seemed 
to  be  partially  stiffened  by  disuse  and  became  more  flexible  when 
they  had  been  voluntarily  moved  or  when  passive  motion  was  made 
for  a  few  minutes.     The  left  wrist  and  arm  were  in  practically  the 
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same  condition,  but  slightly  worse.      The  examination  of  the  blood 
showed  a  condition  of  eosinophilia,  for  which  table  is  appended. 

Examination,  February  13,  1900:  The  brawny  induration  of  the 
face  is  very  much  less,  so  that  the  mouth  can  be  opened  and  the 
tongue  protruded,  but  in  general  the  patient  seems  weaker.  Over 
the  wrists  the  induration  is  very  much  less,  and  the  fingers  have  be- 
come thin  and  pointed.  The  hand  is  distinctly  in  the  position  of 
sclerodactylia.  Over  the  knees  the  induration  is  marked  and  the  legs 
are  in  a  condition  of  semiflexion.  In  the  region  of  the  rectum  the 
skin  is  hard,  tensely  drawn,  and  so  firm  that  defecation  has  become 
difficult.  Over  the  inner  aspect  of  the  lower  portion  of  the  thighs 
the  skin  is  shiny,  pigmented  to  a  brownish  color  and  seems  much 
thickened.  Over  the  olecranon  process  of  the  left  ulna  the  skin  is  so 
tensely  drawn  as  to  be  shiny  and  at  the  point  of  breaking.  Over  the 
styloid  process  of  the  radius  the  skin  is  so  tightly  drawn  that  it  is 
perceptibly  thinned  and  the  bone  is  subcutaneous. 

Examination  shows  the  area  of  hepatic  dulness  to  be  increased 
downward. 

The  thyroid  gland  is  evidently  smaller  than  normal.  No  implica- 
tion of  other  glands  can  be  made  out.  The  skin  in  which  oedema  has 
been  present  is  now  firm  and  tensely  drawn  and  leathery,  but  devoid 
of  oedema,  the  stage  of  atrophy  having  evidently  set  in. 

Two  or  three  weeks  before  death  the  urine  became  scanty  in  amount, 
high  colored,  and  contained  considerable  albumin.  Examination  of 
the  heart  showed  the  presence  of  a  loud,  close-to-the-ear  pericardial 
friction  rub.  Over  the  chest  flatness  developed.  In  the  course  of 
the  following  week  the  pulse  became  weak  and  rapid,  and  a  marked 
general  oedema  showed  itself.  The  heart-sounds  became  exceedingly 
faint,  oedema  of  the  lungs  presented,  the  patient  grew  gradually  weaker, 
and  died  on  April  10th  at  8  a.m. 

Report  of  autopsy,  made  by  Dr.  George  Blumer,  director  of  the 
Bender  Hygienic  Laboratory,  Albany  Medical  College,  Albany,  N.  Y. 

Autopsy  done  at  West  Athens  for  Drs.  Ward  and  Neuman. 

Mrs.  E.,  aged  forty  years.  Died  8  a.m.  April  lOth.  Autopsy  at 
4  P.M.  April  10,  1900. 

Body  170  cm.  long,  slightly»built,  considerably  emaciated.  Rigor 
mortis  present  in  the  jaw,  absent  in  the  extremities.  Post-mortem 
lividity  of  dependent  parts.     Skin  of  the  legs  to  a  point  half-way  up 


184  WARD, 

the  thigh  is  slightly  discolored,  being  yellow,  shiny  in  appearance, 
and  having  a  stiff,  leathery  feel.  The  condition  is  most  marked  at  the 
ankles  and  around  the  knees,  and  gradually  fades  away  into  proxi- 
mally  normal  skin  in  the  upper  part  of  the  thighs.  A  similar  condi- 
tion is  present  in  the  hands,  forearms,  and  in  the  lower  portion  of  the 
upper  arms,  and  to  a  slight  degree  as  far  as  the  shoulder.  The  skin 
of  the  face  is  more  markedly  pigmented,  being  of  a  deep  brownish- 
yellow,  and  the  neck  is  also  pigmented  but  less  so  than  the  face.  The 
skin  over  the  back  and  buttocks  shows  a  similar  stiffening,  the  only 
normal  skin  remaining  in  the  body  being  that  over  the  anterior  sur- 
face of  the  thorax  and  abdomen.  The  arms  and  legs  are  held  in  a 
condition  of  semiflexion  and  cannot  be  extended.  There  are  no  glan- 
dular enlargements.  Over  the  right  internal  condyle  of  the  humerus 
is  an  irregular  loss  of  substance  5  cm.  in  diameter,  surrounded  by 
bluish  skin  and  with  a  base  formed  of  granulation  tissue.  The  same 
condition  is  present  over  the  left  internal  condyle.  The  subcutaneous 
fat  is  small  in  amount.  Muscles  are  atrophic  and  pale.  There  is 
slight  subcutaneous  oedema  over  the  chest.  The  mammary  glands  are 
normal. 

The  peritoneal  cavity  contains  50  or  60  c.c.  of  clear  serum,  mostly 
in  the  flanks  and  pelvis.  Both  layers  of  the  peritoneum  are  smooth. 
The  omentum  is  delicate  and  free  from  adhesions.  The  appendix 
passes  downward  and  inward  across  the  brim  of  the  pelvis  and  has  a 
short  mesentery  to  its  tip.  Length,  9  cm.  Foramen  of  Winslow  is 
open. 

Diaphragm  :  On  the  right  side  at  the  fourth  space,  on  the  left  side 
at  the  fifth  rib. 

The  costal  cartilages  are  not  ossified. 

Each  pleural  cavity  contains  about  1500  c.c.  of  slightly  cloudy 
fluid.  The  pericardial  cavity  is  distended  with  a  cloudy,  greenish 
fluid  to  the  amount  of  400  c.c.  Floating  in  this  are  flocculi  of  lymph, 
and  on  the  visceral  surface  a  fibrinous  false  membrane  is  present  in 
patches.     A  number  of  subpericardial  hemorrhages  are  present. 

The  heart  appears  slightly  enlarged.  The  left  side  is  contracted, 
the  right  side  flabby.  The  right  side  contains  fluid  blood  and  red  and 
chicken-fat  post-mortem  clots.  Endocardium  and  valves  of  right  side 
normal.  Average  thickness  of  right  ventricle  4  mm.  Length,  8J  cm. 
Left  side  contains  red  post-mortem  clots.     Endocardium  and  valves 
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are  normal.  There  are  a  number  of  adherent  white  ante-mortem 
thrombi  in  the  apex  of  the  left  ventricle.  The  average  thickness  of 
left  ventricle  is  14  mm.  Length,  8 J  cm.  Coronary  arteries  are 
normal.  Heart  muscle  firm.  On  section  pale  and  shows  a  faded-leaf 
appearance.  The  auricular  appendages  are  empty.  Foramen  ovale  is 
closed. 

The  left  lung  is  free  from  adhesions.  Pleura  over  the  lower  por- 
tion of  the  upper  lobe  shows  a  fresh  fibrinous  exudate.  There  is  an 
old  superficial  scar  at  the  apex.  The  anterior  margin  of  the  upper 
lobe  is  pale,  cushiony,  and  emphysematous.  On  section  slightly  con- 
gested and  slightly  oedematous.  The  lower  portion  of  the  upper  lobe 
and  the  entire  lower  lobe  are  airless  and  leathery  in  feel,  slaty  in 
color,  and  have  the  characteristic  appearance  of  atelectasis.  The  mu- 
cous membrane  of  the  bronchi  is  congested.  They  contain  a  little 
frothy  mucus. 

The  right  lung  is  free  from  adhesions.  The  upper  lobe  and  the 
anterior  portion  of  the  middle  lobe  are  emphysematous  and  pale,  and 
on  section  as  on  the  other  side.  The  remainder  of  the  lung  is  atelec- 
tatic. The  bronchi  and  vessels  as  on  the  other  side.  One  of  the 
bronchial  glands  is  enlarged  to  a  diameter  of  3  cm.  and  contains 
numerous  large  tubercles,  some  of  them  caseous,  some  calcareous. 

The  spleen  is  free  from  adhesions.  Measures  14x7x4  cm.  Cap- 
sule is  smooth.  Consistency  is  firm.  On  section  the  pulp  is  not 
increased.     The  trabeculse  and  Malpighian  bodies  are  easily  visible. 

The  liver  is  free  from  adhesions.  The  average  measurements  are 
25  x  16  x  10  The  surface  is  smooth,  mottled,  of  a  reddish  yellow 
color.  Consistency  is  considerably  increased.  On  section  the  centres 
of  the  lobules  are  congested.     Peripheries  are  pale  yellow. 

The  gall-bladder  contains  thick  bile.  The  walls  and  mucous  mem- 
brane are  normal. 

The  left  adrenal  normal. 

The  left  kidney  :  Capsule  strips  off  fairly  easily,  occasionally  tearing 
away  a  little  kidney  substance.  The  surface  is  smooth  and  mottled, 
of  a  yellowish- white  color,  with  occasional  discrete  hemorrhagic  areas. 
On  section  the  cortex  is  markedly  swollen  and  mottled  like  the  sur- 
face. The  cortex  markings  are  blurred.  The  glomeruli  are  visible, 
at  times  pale,  at  times  hemorrhagic.     The  pelvis  is  normal. 

The  right  adrenal  is  normal. 


186  WARD, 

The  ureters  are  normal. 

Right  kidney  same  as  left. 

The  mucous  membrane  of  the  bladder  is  pale,  otherwise  the  organ 
is  normal. 

The  vagina  normal. 

The  uterus  has  a  length  of  8J  cm. 

Endometrium  is  normal.  The  walls  contain  several  pearly  white, 
dense  nodules  with  a  striated  cut  surface,  and  varying  in  diameter 
from  3  mm.  to  2  cm. 

The  Fallopian  tubes  are  free  from  adhesions  and  normal  looking. 

The  ovaries  are  fibroid,  otherwise  normal. 

The  mucous  membrane  of  the  rectum  is  pale. 

The  large  and  small  intestines  are  normal. 

The  aorta  shows  a  few  patches  of  fatty  atheroma. 

The  oesophagus  is  normal. 

The  stomach  is  dilated.  The  mucous  membrane  pale,  somewhat 
thickened,  and  covered  with  sticky  mucus. 

Pancreas  is  normal. 

The  skin  in  the  affected  areas  is  thickened,  but  there  appears  to 
be  no  connective  tissue  infiltration  of  the  subcutaneous  connective 
tissue. 

The  thyroid  gland  is  a  little  small,  firmer  than  normal,  and  of  a 
somewhat  grayer  color  than  normal.  It  apparently  contains  an  in- 
creased amount  of  connective  tissue. 

One  of  the  large  peripheral  nerves  of  the  lumbar  plexus  showed  no 
change  to  the  naked  eye. 

Brain  and  cord  not  examined. 

Anatomical  Diagnosis.  Scleroderma  with  pigmentation  of  the 
skin  affecting  the  face,  posterior  part  of  the  trunk  and  the  extremities. 
Acute  serofibrinous  pericarditis  with  fatty  degeneration  of  the  heart 
muscle.  Double  hydrothorax  with  acute  fibrinous  pleurisy  on  the  left 
side.  Acute  bronchitis  with  emphysema  of  the  lungs  and  atelectasis 
of  the  lower  lobes.  Chronic  passive  congestion  of  the  liver.  Slight 
chronic  passive  congestion  of  the  spleen.  Subacute  parenchymatous 
nephritis  with  hemorrhages.  Multiple  myomata  of  the  uterus. 
Chronic  interstitial  thyroiditis.  Tuberculosis  of  a  bronchial  lymph- 
gland.     Small  ulcers  over  the  internal  condyles  of  the  humeri. 
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Bacteriological. 

Cultures  were  made  from  the  heart's  blood,  pericardium,  lung, 
liver,  spleen,  and  kidney.  These  were  all  negative  except  the  cul- 
tures from  the  liver,  which  showed  a  number  of  colonies  of  a  short, 
thick  bacillus  which  decolorized  by  Gram,  and  which  corresponded  in 
its  characteristics  with  the  bacillus  coli  communis. 

Microscopical, 

Heart.  The  pericardium  shows  a  considerable  dilatation  of  the 
small  bloodvessels,  and  accompanying  this  is  a  cellular  infiltration  of 
the  superficial  layers.  No  definite  exudate  can  be  seen  in  most  of 
the  section.  In  one  or  two  places  is  a  very  slight  amount  of  fibrin 
adherent  to  the  surface  of  pericardium.  The  cells  infiltrating  the 
superficial  layers  are  most  of  them  of  the  type  of  round,  lymphoid 
cells,  though  a  few  of  them  have  the  extra-central  nucleus  and  the 
characteristic  protoplasm  of  plasma-cells.  A  few  polynuclears  are 
also  present.  The  connective  tissue  of  the  heart  muscle  shows  a 
rather  diffuse  slight  increase  throughout  the  entire  substance  of  the 
organ.  This  is  rather  more  pronounced  in  the  neighborhood  of  the 
bloodvessels,  but  is  not  by  any  means  confined  to  their  neighborhood. 
The  newly  formed  tissue  is  in  the  form  of  rather  loose-meshed  con- 
nective tissue,  most  of  the  cells  having  the  spindle  shape  of  fully 
formed  connective  tissue  cells.  Sections  stained  with  Weigert's  stain 
for  elastica  show  that  with  increase  of  connective  tissue  there  is  a  dis- 
tinct increase  in  the  elastic  tissue  in  the  form  of  very  fine  fibres. 
The  myocardium  shows  in  places  very  distinct  focal  changes.  These 
changes  mostly  occur  in  portions  of  the  heart  muscle  lying  nearest  to 
the  pericardium.  The  changes  consist  in  the  presence  of  areas  of  mus- 
cle-cells taking  a  refractive  pink  stain  with  the  eosin,  and  which  have 
lost  their  nuclei.  These  areas  are  infiltrated  to  a  slight  extent  with 
polynuclear  leucocytes.  Aside  from  these  areas  the  muscle  fibres  in 
the  neighborhood  of  the  connective  tissue  new  formation  are  com- 
pressed, and  in  other  portions  of  the  heart  muscle  are  areas  in  which 
transverse  rupture  of  the  muscle  fibres  has  taken  place  either  through 
the  cement  substance  or  through  the  muscle  cell  itself.  The  endo- 
cardium appears  very  slightly  thickened  in  places,  but  in  the  main  is 
normal.     The  bloodvessels  of  the  heart  show  no  distinct  change. 
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Lung.  The  bloodvessels  of  the  pleura  are  dilated  and  filled  with 
blood.  The  pleura  is  infiltrated  in  places  with  some  round  cell,  poly- 
nuclear  leucocytes  and  an  occasional  cell  of  the  plasma-cell  type. 
The  sections  from  the  upper  lobes  of  the  lung  show  the  alveoli  much 
dilated,  with  thin  walls,  which  are  often  broken  into  one  another.  The 
sections  from  the  lower  lobe  show  marked  compression  of  the  alveoli, 
which  in  places  are  almost  entirely  obliterated.  Most  of  the  alveoli 
in  the  upper  part  of  the  lung  are  empty.  Those  in  the  lower  part 
contain  a  pink  staining,  almost  homogeneous  material,  evidently  cor- 
responding to  coagulated  albuminous  exudate.  In  some  of  the  alveoli 
large  dust  cells  can  be  seen.  Bloodvessels  of  the  lung  are  normal. 
There  is  a  very  small  quantity  of  coal  pigment  present.  Some  of  the 
bronchi  show  desquamation  of  their  lining  epithelium,  and  in  some  there 
is  a  small  amount  of  exudate  composed  of  polynuclear  desquamated 
epithelial  cells.  The  bronchial  glands  described  under  naked-eye  ap- 
pearances show  only  occasional  areas  of  normal  gland  substance.  The 
greater  portion  of  the  gland  is  occupied  by  larger  or  smaller  caseous 
masses  surrounded  by  a  zone  of  epithelioid  and  lymphoid  cells,  and 
often  containing  giant  cells,  many  of  which  have  the  typical  Langhan's 
distribution  of  the  nuclei. 

Liver.  Capsule  is  not  present  in  section.  The  connective  tissue 
of  the  organ  is  not  increased.  The  central  veins  and  their  surround- 
ing capillaries  are  in  places  dilated.  There  is  a  corresponding  com- 
pression of  the  liver  cells  in  these  areas,  and  many  of  the  compressed 
cells  contain  a  granular  yellowish  pigment.  The  liver  cells  outside 
of  these  areas  are  swollen  and  granular  looking,  and  occasionally 
show  evidences  of  fatty  change.  Bile  and  bloodvessels  appear  normal. 
The  blood  in  the  capillaries  contains  an  excessive  number  of  polynu- 
clear leucocytes. 

Spleen.  .  The  capsule  is  not  thickened.  Trabeculae  not  increased 
in  amount.  Pulp,  Malpighian  bodies  and  bloodvessels  normal  in  ap- 
pearance. 

Kidney.  Capsule  is  not  present  in  section.  Connective  tissue  of 
the  organ  shows  very  slight  increase  in  a  few  places  in  the  cortex. 
Both  the  glomeruli  and  the  tubules  in  the  cortex  show  very  marked 
changes.  These  consist  in  an  extensive  infiltration  of  groups  of 
tubules  and  of  certain  glomeruli,  with  very  large  numbers  of  polynu- 
clear leucocytes.     This  infiltration  is  accompanied  in  the  glomeruli 
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with  great  engorgement  of  the  glomerular  capillaries  and  an  actual 
necrosis  of  entire  loops  of  the  glomerular  capillaries,  the  necrosed  por- 
tions taking  a  bright  pink  stain  with  eosin.  The  affected  areas  of 
tubules  also  show  an  extensive  necrotic  process,  there  being  complete 
destruction  of  the  lining  epithelial  cells  over  quite  wide  areas.  This 
process  is  confined  almost  exclusively  to  the  cortex,  though  present 
in  a  slight  degree  in  the  medulla.  Bloodvessels  of  kidney  show  in 
places  distinct  thickening  of  the  intima,  in  other  places  the  walls  of 
some  of  the  smaller  vessels  are  almost  entirely  necrotic  and  are  infil- 
trated with  polynuclear  leucocytes.  Large  numbers  of  hyaline  casts 
are  present  in  the  tubules  in  places. 

The  adrenal  glands  show  no  increase  in  connective  tissue  and  are 
essentially  normal. 

Pancreas  shows  a  slight  increase  in  its  interstitial  tissue,  usually 
in  the  form  of  fine  bands  of  connective  tissue  between  the  groups  of 
cells,  and  occasionally  as  a  more  diffuse  process  separating  individual 
cells  from  one  another.  In  the  latter  areas  there  is  some  compression 
and  atrophy  of  the  pancreatic  cells,  but  for  the  most  part  the  cells  are 
normal. 

Thyroid  gland  shows  marked  changes.  These  take  the  form  of  a 
great  increase  in  the  interstitial  tissue  of  the  organ,  producing  com- 
pression and  atrophy  of  the  glandular  substance.  The  new-formed 
connective  tissue  is  mostly  in  the  form  of  a  dense,  fully  formed  fibrous 
tissue;  but  there  are  areas  in  which  the  thyroid  tissue  is  infiltrated 
with  small,  round,  lymphoid  cells,  apparently  representing  a  fresh 
process.  As  in  the  heart  muscle,  there  is  a  corresponding  increase 
in  the  elastic  tissue.  The  gland  substance  shows  varying  degrees 
of  compression.  In  some  places  it  has  almost  entirely  disappeared 
over  wide  areas,  in  other  places  it  is  apparently  but  little  affected. 
There  is  an  abundance  of  colloid  material  in  the  slightly  affected 
areas. 

Uterus.  Shows  the  presence  in  its  walls  of  definite  circumscribed 
tumor  nodules,  which  are  made  for  the  most  part  of  bands  of  smooth 
muscle  running  in  various  directions.  In  places  running  between  the 
muscle  cells  are  narrow  bands  of  connective  tissue.  The  larger  nod- 
tiles  show  areas  of  hyaline  degeneration.  The  musculature  outside  of 
these  nodules  is  normal. 

The  Fallopian  tubes  are  normal  in  appearance. 
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The  ovaries  still  contain  a  few  Graafian  follicles,  but  are  largely 
fibrous. 

The  aff'ected  skin  shows  very  marked  changes.  The  horny  layer 
is  very  thin.  The  epidermis  is  much  compressed,  narrower  than  nor- 
mal. The  papillae  of  the  papillary  layer  have  almost  disappeared  and 
present  themselves  in  places  as  slightly  rounded,  or  pointed,  down- 
growths.  There  is  a  very  marked  increase  in  the  connective  tissue 
of  the  corium,  which  is  continuous  with  a  similar  increase  in  the  sub- 
cutaneous connective  tissue.  In  the  subcutaneous  areolar  tissue  the 
strands  of  the  connective  tissue  which  are  normally  present  are  greatly 
increased  in  thickness.  The  increased  connective  tissue  formation  in 
the  deeper  layers  of  the  skin  has  led  to  an  almost  complete  disappear- 
ance of  the  appendages  of  the  skin.  Sebaceous  glands  are  not  made 
out  in  any  of  the  sections.  The  sweat-glands,  however,  could  still  be 
recognized,  though  greatly  compressed,  and  in  places  much  distorted 
and  with  their  coils  spread  apart  by  the  new-formed  connective  tissue. 
The  ducts  of  the  sweat-glands  can  in  places  be  made  out  much  com- 
pressed, often  deviated  from  their  course.  Hair  follicles  are  in  places 
present ;  they  are  also  much  compressed.  The  newly  formed  connec- 
tive tissue  is  exceedingly  dense,  containing  hardly  any  connective 
tissue  cells,  and  being  mainly  composed  of  a  fibrillated  substance 
occurring  in  the  form  of  coarse  strands.  The  tissue  is  not  of  the 
same  density  throughout,  being  of  a  looser  texture  in  the  portion  cor- 
responding to  the  subcutaneous  connective  tissue  than  in  that  corre- 
sponding to  the  corium.  As  in  the  heart  muscle  and  thyroid  gland, 
the  new-formed  connective  tissue  is  accompanied  by  a  marked  increase 
in  the  elastic  tissue.  In  the  corium  it  takes  the  form  of  very  fine 
network,  and  in  the  subcutaneous  tissue  it  occurs  in  much  coarser 
strands.  The  peripheral  nerves  show^  marked  increase  in  connective 
tissue  in  the  form  of  an  almost  acellular  fibrous  tissue,  and  in  this, 
again,  the  elastic  tissue  is  also  increased.  The  bundles  of  nerve  fibres 
are  markedly  compressed.  In  sections  stained  with  Van  Gieson's  stain 
many  of  the  axis-cylinders  have  disappeared.  The  mammary  gland 
shows  a  very  marked  increase  in  connective  tissue.  This  tissue  is  of 
the  same  dense  type  seen  elsewhere  and  has  similar  characteristics. 
It  has  led  in  many  places  to  atrophy  of  the  gland  acini. 

Revised  Anatomical  Diagnosis.  Scleroderma  with  pigmentation  of 
the  skin  affecting  the  face,  posterior  part  of  the  trunk  and  the  extremi- 
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ties.  Acute  serofibrinous  pericarditis  with  acute  myocarditis  and 
diffuse  chronic  interstitial  myocarditis.  Double  hydrothorax  with 
acute  fibrinous  pleurisy  on  the  left  side.  Acute  bronchitis  with  em- 
physema of  the  lungs  and  atelectasis  of  the  lower  lobes.  Chronic 
passive  congestion  of  liver.  Acute  infectious  nephritis.  Multiple 
myomata  of  the  uterus.  Chronic  interstitial  thyroiditis.  Chronic 
interstitial  mastitis.  Tuberculosis  of  a  bronchial  lymph-gland.  Small 
ulcers  over  the  internal  condyles  of  the  humeri. 

Etiology.  Scleroderma  may  occur  at  any  age,  a  case  having  been 
reported  by  Cruse  in  an  infant  of  three  weeks,  and  one  by  F.  Kriiger 
in  a  man  of  seventy-five  years  of  age.  In  Lewin  and  Heller's  analysis 
it  is  shown  that  in  childhood,  from  one  to  two  years,  the  percentage  of 
males  to  females  is  about  equal,  while  in  the  next  decade,  ten  to  twenty 
years,  the  number  of  females,  fifty-five,  to  the  number  of  males,  four- 
teen, shows  that  in  the  adult  the  female  is  much  more  frequently 
attacked.  Boullier  (quoted  by  Lewin  and  Heller)  gives  the  per- 
centage as  71  of  all  cases,  and  Lewin  and  Heller  as  67  per  cent. 
Uhlenhuth  (in  Berlin,  klin.  Woch.,  March  6, 1899)  gives  65  per  cent, 
of  all  cases  occurring  in  females.  Hutchin  (in  the  British  Medical 
Journal  for  June  1, 1895),  in  an  article  on  "  Morphoea/^  divides  it  into 
three  classes,  and  says  that  one  of  the  classes  occurs  nearly  always  in 
adult  women.  As  to  races,  cases  have  been  reported  in  the  negro, 
in  the  Chinese,  in  the  Japanese,  as  well  as  in  the  white  race.  Of  all 
nationalities  the  French  have  reported  the  greatest  number  of  cases. 
It  is  probable  that  this  disease  is  of  nervous  origin,  and  that  the  ner- 
vous instability  of  the  French  may  account  for  the  comparatively 
large  number  of  cases  reported  by  this  nation.  Psychical  influences 
seem  to  exert  a  direct  effect  in  its  causation.  H.  F.  Lawrence  (In- 
tercol.  Med.  Journal^  Australia,  July  20,  1898)  reports  a  case  of 
scleroderma  diffusum  following  severe  shock  to  the  nervous  system. 
Shaffer  ( Verhandl.  des  4  Congress  d.  Deutsch.  Dermatol.  Gesellsch.) 
reports  a  case  dating  from  the  death  of  the  patient's  husband,  while 
in  a  case  of  G.  Lewin's  symptoms  began  in  a  patient  fourteen  days 
after  the  suicide  of  her  husband  and  death  of  her  child.  In  a  great 
number  of  cases  exposure  to  cold  is  given  as  the  immediate  cause.  In 
the  case  here  reported  the  injury  to  the  head  may  have  been  the 
causative  factor  in  the  commencement  of  the  disease.  Many  cases 
have  been  reported  in  literature  in  which  trauma  has  been  described 
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as  the  causative  factor  in  the  production  of  scleroderma.  In  some 
cases  rheumatism  has  been  assigned  as  the  cause  of  this  disease,  and 
this  was  the  diagnosis  in  the  case  here  reported  before  it  was  seen  by 
me.  The  association  of  rheumatoid  pains  with  scleroderma,  and  at 
times  the  arthritis  present  in  this  condition  explains  the  frequency 
with  which  rheumatism  in  the  older  literature  is  ascribed  as  the  cause 
of  scleroderma.  Dercum  (in  the  Journal  of  Nervous  and  Mental 
Disease  for  October,  1898)  reports  a  case  of  scleroderma  with  severe 
rheumatic  arthritis  involving  nearly  all  the  joints. 

In  regard  to  the  symptomatology  this  case  showed  distinctly  the 
three  stages  of,  first,  oedema ;  second,  induration  ;  and  third,  atrophy. 
In  some  portions  of  the  body,  as  for  instance  the  legs,  oedema  was 
present  at  the  same  time  the  wrists  were  in  a  condition  of  brawny  in- 
filtration, while  over  the  face  atrophy  was  occurring.  The  history  of 
blanching  and  coldness  of  the  extremities  as  an  initial  symptom  is  not 
unusual,  nor  is  the  condition  of  sclerodactylia  exceptional ;  but  in  this 
case  the  sclerodactylia  became  less  and  less  marked  until  toward  the 
end  the  hands  were  not  nearly  as  characteristic.  The  fact  that 
throughout  the  course  of  the  disease  the  eosinophile  cells  were  in- 
creased so  markedly  is  interesting,  while  the  loss  of  the  red  cells 
shows  disturbance  of  the  circulatory  medium. 


Table  of  Differential  Blood-counts. 


Date. 

Number  of 
erythro- 
cytes. 

No.  of 
leuco- 
cytes. 

Polynu- 
clears. 

Transitlonals 
and  large 
mononu- 
clears. 

Small 
mononu- 
clears. 

Eosino- 
philes. 

November  3, 1899 
February  13, 1900 

4,280,000 
300,000 

10,000 
12,000 

64.25  p.  ct. 

8.4  per  ct. 
4.6       '• 

6.2  i)er  ct. 
8.6       " 

21.15  p.  ct. 
25.4      " 

The  presence  of  the  eosinophiles  is  rather  interesting,  and  further 
study  in  this  direction  seems  desirable. 

Treatment.  It  is  to  be  regretted  that  no  line  of  treatment  as  yet 
suggested  appears  to  have  any  permanent  beneficial  efi'ect.  In  this 
case  some  of  the  remedies  usually  recommended  gave  temporary  relief, 
but  nothing  more. 

For  making  the  blood-counts  and  other  assistance  in  preparing  this 
history  I  am  indebted  to  my  clinical  assistant.  Dr.  L.  H.  Neuman. 
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By  H.  a.  hare,  M.D., 

OF  PHILADELPHIA. 


My  object  in  writing  this  very  brief  paper  is  to  bring  before  the 
Association  a  clinical  condition  which  I  have  met  with  with  sufficient 
frequency  to  make  me  consider  it  by  no  means  rare,  and  which  has 
never  failed  to  puzzle  me.  I  refer  to  two  groups  of  cases — namely 
those  cases  in  which  symptoms  developing  in  the  neighborhood  of  the 
appendix  indicate  the  rapid  development  of  appendicitis,  yet  in  which 
these  symptoms  gradually  subside  and  the  patient  gradually  passes 
into  an  attack  of  typhoid  fever.  Secondly,  I  desire  to  speak  of  cases 
already  well  advanced  in  the  progress  of  typhoid  fever  which  develop 
appendicular  symptoms. 

The  first  group  of  cases  is  well  represented  by  the  following  his- 
tories : 

Case  I. — A  young  man,  aged  twenty-one  years,  came  under  my  care  with 
a  history  that  he  had  not  been  feeling  well  for  several  weeks,  during  which 
time  he  had  some  headache.  He  stated  when  first  seen  by  the  resident  physi- 
cian that  he  had  pain  in  the  left  hypochondrium,  but  when  I  examined  him 
the  pain  was  chiefly  in  the  right  hypochondrium,  and  in  the  epigastrium, 
although  the  entire  belly  seemed  unduly  sensitive.  Pressure  upon  the  area 
of  the  appendix  increased  the  pains  already  referred  to,  which,  in  my  ex- 
perience, is  usually  the  case  in  appendicitis,  and  discovered  excessive  pain 
in  the  appendicular  region.  The  temperature  was  slightly  febrile,  the  pulse 
quick  and  fast,  and  the  belly  scaphoid.  A  rectal  examination  did  not  evince 
any  pain  in  the  neighborhood  of  the  appendix  seemingly,  because  the  finger 
of  the  physician  could  not  reach  high  enough.  The  next  day  the  pain  was 
markedly  accentuated  and  more  limited  to  the  neighborhood  of  McBurney's 
point,  and  the  belly  wall  was  distinctly  hard  and  board-like.  I  therefore 
asked  Dr.  Keen  to  see  him,  and  he  agreed  that  the  symptoms  were  indica- 
tive, but  as  it  was  not  convenient  to  operate  at  once,  suggested  that  we  wait 
until  the  afternoon. 

A  few  hours  later  the  symptoms  seemed  so  typically  those  of  appendicitis 
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that,  as  Dr.  Keen  was  away,  I  asked  Dr.  Hearn  to  examine  him.  Dr.  Hearn, 
in  whose  diagnosis  we  all  have  great  respect,  at  once  stated  that  the  symp- 
toms were  typical,  and  agreed  to  operate;  but  just  before  the  operation  we 
both  agreed  that  the  patient's  tongue  looked  somewhat  typhoidal,  and  so 
postponed  the  operation  once  more,  agreeing,  in  the  meantime,  that  the 
treatment  already  instituted — namely,  the  administration  of  a  mild  saline 
and  the  use  of  an  ice-bag  over  the  appendix — be  continued  for  another  night. 

I  confess  that  this  proposition  did  not  seem  to  me  a  very  wise  one, 
for  though  I  recognized  the  strong  possibility  that  the  case  was  one 
of  early  typhoid  fever,  this  fact  in  no  way  appeared  to  me  to  modify 
the  necessity  for  an  operation  for  appendicitis :  First,  because  it  was 
perfectly  possible  that  by  coincidence  appendicitis  was  complicating 
the  onset  of  typhoid  fever;  and,  again,  it  was  possible  that  there 
might  be  typhoid  infection  of  the  appendix  producing  appendicitis — or, 
in  other  words,  that  the  primary  condition  was  due  to  the  involvement 
of  the  alimentary  canal  in  the  pathological  process  produced  by  the 
bacillus  of  Eberth  and  particularly  marked  in  the  appendix.  It  did 
not  seem  to  me  that  a  suspicion  of  approaching  typhoid  fever  nega- 
tived an  operation,  when  everyone  was  agreed  that  the  symptoms  of 
appendicitis  were  present  with  sufficient  severity  not  only  to  justify 
but  to  make  necessary  operative  interference.  I  advanced  these  views 
to  Dr.  Hearn,  who  admitted  that  the  symptoms  were  already  severe 
enough  to  justify  an  operation,  and  who  confessed  that  he  had  not  a 
very  good  reason  for  refusing  to  perform  it  save  that  the  possibility 
of  a  coming  attack  of  typhoid  fever  might  perhaps  decrease  the  chances 
of  recovery  from  the  operation,  and  this  feeling  on  his  part,  combined 
with  the  fact  that  I  had  seen  such  cases  get  well  without  operation, 
both  when  they  were  suffering  from  ordinary  appendicitis  and  when 
complicated  with  typhoid  fever,  led  me  to  agree  to  the  postponement 
of  operative  interference. 

On  the  following  day  the  symptoms  of  appendicitis  were  no  more 
marked  than  before,  and,  to  state  matters  briefly,  the  symptoms  of 
appendicitis  gradually  faded  as  those  of  typhoid  fever  became  more 
and  more  accentuated,  so  that  at  the  end  of  the  week  all  of  the  symp- 
toms of  appendicitis  had  disappeared  and  typhoid  fever  was  present 
in  its  fully  developed  form.  I  could  cite  several  other  instances,  but 
this  one  and  that  which  follows  seemed  to  me  sufficient  as  illustrating 
this  type. 
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XDase  II. — The  second  case  was  that  of  a  boy  of  nine  years,  who  was  seized 
with  a  violent  attack  of  pain  in  the  lower  right  abdominal  quadrant  during  a 
visit  to  the  seashore.  He  was  treated  for  this  by  rest  in  bed  and  the  admin- 
istration of  purgatives,  and  on  returning  to  Philadelphia  ten  days  later,  was 
again  taken  down  with  pain  in  the  neighborhood  of  the  appendix,  the  de- 
velopment of  distinct  muscular  rigidity  over  the  right  side  of  the  abdominal 
wall,  a  quick  pulse,  and  pain  also  in  the  neighborhood  of  the  right  hypo- 
chondrium  and  epigastrium,  which  was  increased  by  pressure  over  the  ap- 
pendix. In  addition  to  the  local  symptoms,  the  general  condition  of  the  boy 
was  that  which  indicated  the  presence  of  a  grave  illness,  and  I  asked  Dr. 
Musser  to  see  him  with  me  in  consultation.  Dr.  Musser  agreeing  with  me 
that  the  symptoms  were  obscure,  but  distinctly  appendicular  in  type. 

This  case  differed  from  the  first  in  that  the  symptoms  at  no  time 
were  sufficiently  severe  to  indicate  an  immediate  operation.  But  they 
certainly  were  sufficiently  marked  to  make  us  think  strongly  of  send- 
ing for  a  surgeon  in  order  that  he  might  watch  the  case  with  us,  and 
determine  when  it  would  be  wise  to  operate.  Here,  again,  in  the 
course  of  a  few  days,  under  the  use  of  an  ice-bag,  the  appendicular 
symptoms  disappeared,  and  the  child  passed  through  an  attack  of 
typhoid  which,  considering  his, age,  was  quite  severe. 

There  are  several  points  of  interest  in  regard  to  these  cases.  In 
the  first  place,  it  is  of  interest  that  in  a  certain  proportion  of  cases  of 
typhoid  fever  the  illness  is  ushered  in  by  symptoms  which  are  most 
marked  in  the  right  lower  quadrant  of  the  abdomen.  Second,  the 
interesting  question  arises  as  to  the  condition  of  the  appendix  and 
caput  coli  under  these  conditions.  Third,  the  interesting  question 
arises  as  to  whether  operative  interference  in  these  cases  is  necessary, 
and  if  operative  procedures  are  instituted,  whether  they  are  advan- 
tageous or  disadvantageous ;  and,  finally,  whether  there  are  any  con- 
ditions present  in  such  cases  which  will  enable  us  to  state  that  the 
patient  is  suffering  from  a  distinctly  local  lesion  or  from  a  general 
infection  by  the  specific  micro-organism  of  typhoid  fever. 

As  I  have  stated  in  the  beginning  of  my  paper,  I  have  now  met 
with  so  many  instances  of  appendicular  trouble  in  the  early  stages  of 
typhoid  fever  that  I  have  come  to  regard  it  as  by  no  means  rare.  In 
regard  to  the  condition  of  the  caput  coli  and  appendix,  it  would  seem 
probable  that  one  or  two  conditions  may  be  present.  One  of  these  is 
that  of  ordinary  appendicitis,  due  to  the  pathological  conditions  which 
produce  this  disease,  which  happens  to  occur  simultaneously  with  the 
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onset  of  typhoid  fever,  and  the  other  is  that  the  case  may  be  one  of 
those  in  which  the  early  general  symptoms  are  mild  yet  the  intestinal 
lesions  are  marked.  This  condition  is  very  well  shown  in  the  colored 
drawing  which  I  show  you,  taken  from  a  well-known  atlas  of  pathology 
by  Kast  and  Rumpler.  In  this  illustration  we  see  how  ulceration  in 
the  neighborhood  of  the  caput  coli  could  very  readily  produce  great 
tenderness,  abdominal  resistance,  and  other  local  symptoms  closely 
resembling  appendicitis.  In  other  words,  I  believe  that  in  such  a  case 
the  physician  must  make  a  diiferential  diagnosis  between  true  appen- 
dicitis and  the  condition  represented  in  this  illustration.  The  ques- 
tion arises  as  to  how  this  may  be  done ;  and  that  it  must  be  done  is 
evident,  because  in  the  case  of  ulceration  of  the  caput  coli  operative 
interference  is  not  only  useless  but  dangerous,  chiefly  because  of  the 
shock  to  the  patient's  system  when  he  is  already  suffering  from  a 
grave  infection.  I  must  confess  that  I  do  not  believe  that  there  are 
very  definite  clinical  symptoms  which  will  enable  us  to  make  the 
differential  diagnosis,  and  I  am  inclined  to  believe  that  much  impor- 
tance should  be  paid  to  the  results  of  examining  the  blood.  From 
what  we  know  of  leucocytosis  we  can  rest  assured  that  in  ordinary 
cases  of  appendicitis  the  white  blood-corpuscles  will  be  considerably 
increased,  whereas,  on  the  other  hand,  it  is  a  well-known  fact  that  in 
typhoid  fever  they  are  not  increased.  And,  therefore,  in  all  proba- 
bility typhoidal  ulceration  in  the  neighborhood  of  the  caput  coli,  while 
it  might  produce  the  ordinary  subjective  and  objective  symptoms  of  ap- 
pendicitis, would  not  show  distinct  blood  changes.  This  was  the  case  in 
the  first  patient  that  I  have  spoken  of  to-day.  An  examination  of  his 
blood  failed  to  reveal  any  leucocytosis,  and  this  was  considered  by  us 
as  an  important  diagnostic  aid.  That  this  aid  cannot,  however,  always 
guide  us  is  proved  by  still  another  case  in  which  the  symptoms  of 
appendicitis  developed  much  later  in  the  course  of  typhoid  fever  than 
in  the  two  cases  just  described,  the  patient  being  in  the  third  week 
of  the  disease  before  the  positive  evidences  of  an  appendicular  abscess 
were  present.  During  the  whole  course  of  his  illness  this  patient,  who 
was  a  middle-aged  man,  complained  of  more  or  less  pain  in  the  right 
side  of  his  abdomen,  which  was  often  most  severe  almost  as  far  up  and 
as  deep  in  the  back  as  the  posterior  portions  of  the  liver  and  kidney. 
Finally,  after  a  marked  chill,  distinct  bulging,  not  only  in  the  neigh- 
borhood of  the  appendix  anteriorly,  but  posteriorly  over  the  pelvis. 
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with  slight  oedema  on  deep  pressure,  forced  us  to  operate,  and  no 
sooner  was  an  incision  made  in  the  abdominal  wall  than  a  pint  and 
a  half  of  extremely  fetid  pus  escaped,  which  contained  staphylococci 
and  the  bacillus  coli  communis,  but  in  which  the  micro-organism  of 
typhoid  fever  was  not  found.  In  this  patient  there  was  a  very  slight 
leucocytosis,  not  sufficiently  marked  to  justify  us  in  positively  stating 
that  there  was  an  acute  inflammatory  complication  of  the  typhoid 
process,  and  yet  the  white  cells  were  sufficiently  increased  to  prevent 
us  from  ignoring  the  change  in  their  number. 

It  has  generally  been  held  by  physicians  and  surgeons  within  the 
last  few  years  that  the  presence  of  a  rapid  pulse,  a  scaphoid  belly  wall, 
distinct  muscular  resistance  and  violent  pain  were  all  of  them  symp- 
toms demanding  operative  interference  for  appendicitis.  And  I  do 
not  think  that  the  mere  possibility  of  the  patient  being  about  to  pass 
through  an  attack  of  typhoid  fever  is  any  reason  in  itself  for  refusing 
the  patient  operative  relief,  although  I  recognize,  of  course,  that  the 
development  of  typhoid  fever  immediately  after  such  an  operation  is  a 
grave  complication. 

I  regret  that  this  paper  must  be  more  suggestive  that  positive  in  its 
conclusions.  My  own  feeling  is  that  these  cases  of  appendicitis  in  the 
early  stages  of  typhoid  fever  are  even  more  difficult  to  advise  than 
ordinary  cases,  which  are  certainly  difficult  enough,  and  I  am,  as  I 
have  already  stated,  at  a  loss  how  to  proceed  when  I  meet  with  them 
in  practice.  Were  it  not  for  the  results  of  examining  the  blood  I 
should  feel  myself  still  more  uncertain. 
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The  great  variability  in  morphology  and  staining  reaction  of 
bacillus  diphtherise  is  perhaps  its  most  striking  characteristic.  It  is 
puzzling  to  the  beginner,  and  to  those  with  most  experience  brings  an 
occasional  feeling  of  discomfort  where  quarantine  is  dependent  upon 
the  report  made.  In  the  bacteriological  examination  of  clinical  cases, 
notwithstanding  the  extreme  variation  in  the  picture  seen,  there  are 
usually  certain  well-recognized  forms  which  soon  become  familiar. 

A  complete  description  of  the  various  factors  taken  into  considera- 
tion by  a  bacteriologist  in  arriving  at  a  diagnosis  is  almost  an  impos- 
sibility. Account  is  taken  of  size,  relation  of  thickness  to  length, 
irregularity  of  shape  and  staining  reaction,  and  relation  of  the  bacilli 
to  each  other  (^.  e.,  arrangement). 

These  various  points  probably  appeal  to  different  laboratory  workers 
with  unequal  force,  and  it  is  conceivable  that  one  observer  is  willing 
to  include  certain  bacterial  forms  as  diphtheria  bacilli  because  they 
show  polar  granules,  whilst  to  another  their  departure  from  his 
recognized  limits  of  shape,  size  or  arrangement  prevents  such  inclu- 
sion. Or,  conversely,  arrangement  or  relation  of  the  bacilli  to  each 
other  appeals  so  strongly  to  one  person  that  he  recognizes  certain 
forms  as  diphtheria  bacilli,  which  to  another  are  of  such  a  size,  or 
shape,  or  display  such  staining  characteristics  as  to  be  ineligible  for 
such  classification. 

Whilst  in  routine  initial  examinations  of  clinical  cases  it  is  probable 
that  the  percentage  of  disagreement  in  diagnosis  between  people  accus- 
tomed to  such  work  is  small,  in  later  examinations  of  the  same  cases 
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for  release  from  quarantine  and  in  the  investigation  of  diphtheria-like 
micro-organisms  derived  from  healthy  throats,  noses  or  other  sources, 
there  is  room  for  greater  diversity  of  opinion.  In  the  former  case, 
perhaps,  there  is  the  unconscious  bias  afforded  by  the  presumption  of 
a  pathogenesis  in  the  micro-organisms  found.  From  the  public  health 
stand- point,  it  seems  justifiable,  where  diphtheria-like  micro-organisms 
are  found  in  a  culture  from  a  throat,  nose  or  other  site  which  shows 
some  evidence  of  a  pathological  condition  not  incompatible  with  diph- 
theria infection,  to  assume  that  such  bacilli  are  the  cause  of  the  morbid  { 
condition,  and,  furthermore,  that  they  are  possibly  dangerous  to  other 
human  beings  as  well  as  to  those  in  whom  they  are  found.  In  the  other 
class  of  examinations  where  clinical  symptoms,  if  present  originally, 
have  long  since  abated,  or  where  evidences  of  diphtheria  infection 
have  been  entirely  wanting,  there  is  opportunity  for  a  great  variety 
of  opinion  of  which  full  advantage  has  been  taken.  A  study  of  the 
literature  of  the  subject  will  show  that  each  different  aspect  of  mor- 
phological and  staining  reaction  has  had  its  supporters  as  being  all 
important,  though  the  endeavor  has  been  made  to  co-ordinate  each  of 
these  aspects  or  groups  of  them  with  certain  cultural,  biochemical  or 
pathogenic  properties. 

It  is  obvious  that  if  in  order  to  make  certain  diagnoses  in  doubtful 
cases  there  be  required  for  each  micro-organism  a  complete  study 
of  its  characteristics  in  pure  culture  the  acquirement  of  data  must  be 
extremely  slow.  Inability  to  investigate  a  very  large  series  of  cul- 
tures derived  from  a  large  number  of  people  at  the  same  time  and 
under  like  conditions  will  preclude  the  early  arrival  at  any  definite 
general  conclusions  regarding  such  forms  as  diphtheria,  pseudo- 
diphtheria,  xerosis  and  other  allied  forms  of  bacilli. 

This  conflict  of  opinion  as  to  the  possibilities  and  methods  of  differ- 
entiation of  bacillus  diphtherias  from  allied  or  pseudo  forms  becomes 
daily  more  serious,  since  health  boardsf  are  coming  almost  universally 
to  depend  for  their  guidance  in  restrictive  and  quarantine  methods 
upon  the  data  afforded  by  bacteriological  examinations. 

The  experience  of  the  laboratory  of  the  Minnesota  State  Board  of 
Health  has  been,  if  at  all  different  from  that  of  other  laboratories,  in 
degree  rather  than  in  kind  so  far  as  meeting  with  diphtheria  and 
diphtheria-like  bacilli  in  situations  where  they  were  unexpected.  In 
1896,  upon  the  request  of  the  authorities  of  the  Minnesota  State 
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Public  School  for  Dependent  and  ISTeglected  Children,  an  investiga- 
tion was  begun  to  determine  the  cause  of  diphtheria  and  sore  throat 
which  had  been  more  or  less  endemic  for  ten  years.  In  that  investi- 
gation it  was  found  that  the  bacilli  met  with  could  be  roughly  divided 
into  two  classes,  called  in  the  preliminary  report  and  earlier  commu- 
nications "typical^'  and  ^'atypical"  diphtheria  bacilli.^  The  former 
were  granular  and  irregular  bacilli,  such  as  would  be  commonly  recog- 
nized by  all  bacteriologists  as  diphtheria  bacilli.  The  latter  were 
probably  for  the  most  part  ^'  Hoffmann's  pseudodiphtheria  bacillus/' 
though  many  cultures  of  this  form  derived  from  various  sources  were 
then  and  have  since  been  proven  to  be  virulent,  and,  further,  it  has 
been  repeatedly  shown  that  immunity  to  them  is  possible  by  the  use 
of  commercial  diphtheria  antitoxin. 

Sometimes  the  bacilli  were  found  mixed  both  in  clinical  diphtheria 
and  in  seemingly  healthy  throats.  Sometimes  one  class  would  appear 
to  be  present  as  the  sole  diphtheria-like  organism,  and  sometimes  the 
other.  This  was  true  of  both  clinical  cases  and  healthy  children. 
Continued  investigation  developed  the  fact  that  at  one  time  75  per 
cent,  of  the  children  (263)  were  infected  in  either  nose  or  throat. 

The  ^'  typical ''  bacilli  were  present  in  the  nose  in  38  per  cent,  of 
all  infected  children,  and  in  the  throat  in  30  per  cent.  The  "  atypi- 
cal '^  forms  were  more  numerous  still.  This  was  at  a  time  when  no 
clinical  diphtheria  had  occurred  for  some  months.  The  children  were 
placed  in  complete  individual  isolation  and  treated  in  order  to  rid 
their  throats  and  noses  of  all  suspicious  forms.  This  wide-spread  in- 
fection was  so  striking  that  it  seemed  well  to  make  investigations  to 
determine  whether  like  conditions  could  be  found  elsewhere  in  the 
State.  Accordingly,  within  the  last  three  years  at  various  times  the 
flora  of  the  noses  and  throats  has  been  examined  in : 

(a)  The  State  Institution  for  the  Feeble-minded  some  two  or  three 
months  after  a  mild  outbreak  of  sore  throat. 

(5)  Various  town  and  country  day  schools.  In  some  instances 
diphtheria  was  present  in  the  town  or  village  at  the  time  of  the  inves- 
tigation.    In  others  no  history  of  possible  diphtheria  infection  in  that 


1  British  Medical  Journal,  April  16,  1898,  "  A  Preliminary  Communication  on  Bacillus  Diph- 
theriae  and  its  Variants  in  a  School  in  which  Diphtheria  was  Endemic."  Transactions  of  the 
American  Public  Health  Association,  1899,  vol.  xxv.  "  Studies  on  the  Distribution  of  Certain 
Varieties  of  the  Diphtheria  Bacillus." 
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locality  for  a  period  varying  from  some  months  to  years  could  be 
obtained. 

(<?)  Bethany  Home,  Minneapolis,  where  women  are  received  before 
and  cared  for  during  and  for  a  period  of  at  least  a  year  after  con- 
finement. Here  the  child  population  is,  of  course,  very  young.  At 
the  time  of  the  taking  of  the  cultures  (249)  there  were  three  cases  of 
diphtheria  in  the  home. 

In  these  examinations  there  has  been  considerable  variation  in  the 
percentage  of  infection  with  diphtheria-like  bacilli.  It  may  be  men- 
tioned in  passing  that,  as  a  general  rule,  the  noses  are  more  frequently 
infected  than  throats  with  diphtheria-like  bacilli,  though  the  number 
of  species  of  associated  bacteria  is  less  in  noses  than  in  throats.  In 
"  Homes,"  where  all  the  inmates  are  housed  together,  the  percentage 
of  infection  is  higher  than  in  day  schools.  Where  diphtheria  has 
been  recently  or  is  at  the  time  prevailing,  the  percentage  of  infection 
of  healthy  individuals  is  higher  than  where  such  infection  has  been 
for  a  long  time  absent. 

The  ordinarily  recognized  forms  of  diphtheria  bacilli  are  more  fre- 
quently found  in  the  throat  than  in  the  nose.  The  findings  in  the 
Maternity  Home,  where  nurses,  mothers  and  babies  were  all  examined, 
were  nearly  the  same  as  in  the  State  Public  School  for  Dependent 
and  Neglected  Children.  Discussion  of  these  results  will  be  reserved 
for  a  future  occasion. 

Attempts  have  been  made  to  secure  pure  cultures  from  as  many 
such  sources  as  possible  for  study,  and  at  various  times  from  100  to 
300  such  cultures  have  been  under  investigation  at  once. 

In  the  endeavor  to  obtain  some  definite  idea  as  to  the  morpho- 
logical, staining,  cultural,  biochemical  and  pathogenic  properties  of 
such  large  numbers  of  cultures,  it  will  not  appear  strange  that  difii- 
culties  have  been  encountered  which  have  augmented  with  the  increase 
in  material,  and  even  more  so  by  the  accumulation  of  data  derived 
from  their  study.  At  first,  critical  of  the  data  afforded  by  other  ob- 
servers, in  which  it  seemed  absolutely  impossible  to  systematize  results 
so  as  to  recognize  and  diff'erentiate  the  various  forms,  we  were  not 
long  in  finding  such  extreme  difficulty  in  getting  an  idea  of  whither 
our  own  work  was  tending  that  we  were  compelled  to  begin  afresh. 
In  recording  the  forms  and  staining  reaction  met  with  alone,  it  was 
found  that  carefully  written  records  a  few  weeks  or  months  old  con- 
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veyed  very  little  impression  of  the  types  of  bacilli  met  with.  Our 
original  plan  of  subdivision  into  "typical"  and  '^atypical''  forms  of 
diphtheria  bacilli  was  found  to  be  almost  as  far  from  sufficiently 
minute  and  accurate  as  had  been  the  classification  of  other  observers 
into  "  diphtheria/'  "  pseudodiphtheria,"  "  xerosis/'  etc.  We  were 
forced  some  months  ago  to  adopt  some  more  accurate  means  of  record- 
ing our  observations  on  morphology.  In  the  study  of  the  morphology 
of  pure  cultures  in  most  instances,  especially  where  they  have  been 
derived  from  typical  clinical  cases  of  diphtheria,  it  is  the  exception 
to  get  even  a  moderate  degree  of  uniformity  in  the  general  shape,  size, 
staining  reactions,  etc.,  of  the  individual  bacilli,  whilst  to  get  complete 
uniformity  is  not  to  be  hoped  for. 

It  seems  impossible,  without  actually  watching  under  the  microscope 
the  development  of  a  colony  from  a  single  bacillus,  to  be  certain  that 
a  culture  has  been  derived  from  an  individual  micro-organism  because 
of  the  strong  tendency  of  the  bacilli  to  cling  together.  It  is,  there- 
fore, ordinarily  impossible  to  know  in  any  case  whether  the  various 
forms  met  with  in  a  pure  (?)  culture  are  derived  from  one  or  several 
parents.  In  all  our  studies,  pure  (?)  cultures  were  obtained  by  sowing 
a  minute  quantity  of  the  first  mixed  culture  from  the  throat,  nose, 
etc.,  into  broth,  which  Was  then  vigorously  shaken.  From  this  imme- 
diate sowing  was  made  upon  Loffler's  serum  by  careful  "  streaking 
out."  From  one  of  the  most  symmetrical  of  the  resulting  isolated 
colonies  fresh  broth  was  again  inoculated  and  the  shaking  and 
"  streaking  out  "  repeated.  This  process  was  gone  through  with  from 
three  to  fifty  times  during  a  period  of  from  a  few  days  to  nearly  three 
years.  It  is  probable  that  some  if  not  all  of  these  cultures  have 
sprung  from  individual  bacilli. 

At  first  it  seemed  possible  by  obtaining  an  accurate  description  and 
colored  sketch  of  all  the  bacilli  in  each  pure  culture  to  arrive  at  a 
classification.  Upon  becoming  gradually  accustomed  to  close  obser- 
vation, and  particularly  when  it  came  to  sketching  the  forms,  it  was 
soon  found  that  one  or  more  forms  might  be  common  to  several  cul- 
tures whose  general  morphological  characteristics  seemed  to  be  and 
were  quite  different.  By  general  morphological  characteristics  is 
meant  the  general  picture  seen  by  a  trained  observer.  In  ordinary 
routine  examinations  the  observer  is  influenced  perhaps  more  than  he 
always  realizes  by  the  presence  of  certain  forms  which  meet  his  par- 
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ticular  views  in  regard  to  type,  and  may  overlook  or  minimize  the 
importance  of  other  to  him  less  well-known  forms  which  may  be 
present. 

Attempts  to  classify  types  of  bacilli  on  the  appearance  of  micro- 
scopic fields  of  presumably  pure  cultures  had  to  be  abandoned,  and, 
instead,  we  were  compelled  to  adopt  a  classification  based  on  the  mor- 
phology of  individual  bacilli. 

The  reasons  for  this  are  obvious  from  the  study  of  the  tables 
of  observations.  The  arrangement  here  presented  is  purely  an  arbi- 
trary and  provisional  classification  of  the  morphological  types  en- 
countered. As  made  originally,  the  water-color  sketches  to  which 
your  attention  is  called^  and  which  form  the  basis  of  the  classi- 
fication were  made  to  scale  (magnification  of  20,000  diameters)  from 
the  pure  cultures  just  mentioned.  Within  the  last  six  months  it  has 
been  found  necessary  to  add  new  types  as  they  came  to  be  recognized 
by  special  training  in  the  adaptation  of  this  method  of  record  to  the 
tabulation  of  the  results. 

As  the  ordinary  method  of  diagnosis  of  diphtheria  is  by  the  micro- 
scopic examination  of  twelve  to  twenty-four-hour  Loffler's  serum  cul- 
tures which  have  been  stained  by  Lofiler's  methylene-blue,  these 
types  have  been  sketched  from  cultures  of  this  age  stained  by  this 
method.  The  serum  used  was  prepared  in  the  ordinary  way  except 
that  it  contained  1.25  per  cent,  glycerin  and  was  both  coagulated  and 
sterilized  in  the  autoclave. 

The  bacilli  were  measured  accurately  and  sketched  with  the  camera 
lucida.  From  these  the  water-color  sketches  were  enlarged  to  scale, 
the  details  being  filled  in  by  direct  microscopic  study  of  individual 
bacilli. 

Groups  of  Types. 

As  will  be  seen  in  the  sketches,  the  bacilli  met  with  are  divided  not 
only  according  to  size  and  shape,  but  into  three  main  groups  depend- 
ing on  their  staining  reactions. 

Group  I.  Granular  Forms. — These  show  distinct  spherical,  ovoid, 
or  markedly  rounded  granules.     These  forms  are  represented  by  the 

1  From  the  water-color  sketches  exhibited  at  the  meeting,  Plates  Nos.  I.  to  VI.  were  repro- 
duced. The  reduction  has  been  to  ^  scale,  thus  making  the  magnification  as  shown  in  the 
plates  5000  diameters. 
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plain  letters,  A  to  G.  In  each  variety  except  B  the  granules  show 
metachromatism — i.  e.,  take  a  reddish  tint  with  fresh  Loffler's  methy- 
lene-blue.  The  granules  are,  as  a  rule,  at  one  or  both  poles  of  the 
bacilli,  though  they  may  occur  elsewhere  also.  The  protoplasm  of 
the  bacilli  not  included  in  the  granules  varies  in  intensity  of  staining, 
though  it  is  always  lighter  in  color  than,  and  usually  in  marked  con- 
trast to,  the  granules.  In  this  group,  forms  A  to  D  inclusive  are 
ordinarily  recognized  as  bacillus  diphtherias.  Branching  forms,  when 
granular,  should  be  here  included,  although  not  represented  in  the 
plates. 

Group  II.  Barred  Forms, — Here,  as  in  the  granular  forms,  the 
irregularity  of  the  staining  is  the  distinguishing  characteristic.  Bacilli 
belonging  to  this  general  class  present  a  distinct  barred  appearance 
as  of  an  actual  removal  of  segments  of  protoplasm.  The  darkly 
staining  portions  vary  in  the  intensity  of  coloration  in  different  bacilli 
of  the  same  variety  and  even  in  the  same  bacillus.  Their  size  and 
shape  are  variable,  though,  as  a  rule,  not  spherical  nor  ovoidal  like 
the  granules  in  Group  I.,  and  the  color,  whilst  usually  dark,  does  not 
suggest  metachromatism. 

The  lighter  places  in  many  bacilli  show  a  distinct  though  very  faint 
blue  coloration,  whilst  in  other  individuals  the  appearance  is  more 
like  a  string  of  irregular  cocci  or  bacilli.  The  relative  size  of  the  dark 
and  light  areas  is  also  variable.  The  number  of  the  dark  segments 
varies  from  three  to  nine.  Often  in  the  bacillus  composed  of  three 
segments  one  light  band  occurs  near  the  middle,  dividing  it  into 
two  nearly  equal  portions,  one  of  which  is  again  subdivided.  Such 
an  appearance  is  suggestive  of  the  origin  of  the  bacillus  from  one  of 
the  varieties  included  under  Group  III.,  by  a  process  of  subdivision 
of  one  of  the  component  portions  of  the  diplobacillus. 

Whilst  in  Group  II.  will  be  recognized  some  types  familiar  to  all 
as  diphtheria  bacilli— e.  g.y  type  A\  B^  and  C^ — many  of  the  more 
regular  forms — as  D^  and  E^ — are  not  to  be  distinguished  from  those 
described  by  certain  authorities  as  xerosis  bacilli.  It  will  be  noted 
that  this  group  of  type  forms  is  not  so  complete  as  Groups  I.  and  III. 
This  is  because  in  this  laboratory  barred  forms  co-ordinate  in  size  and 
shape  with  F  and  E  have  not  been  observed.  Should  they  at  any 
time  be  found,  the  types  F^  and  E^  will  be  added  to  the  group. 

Group  III.     8olid  Color  Forms. — These   include  not  only  the 
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solidly  staining  forms  of  all  shapes  and  sizes,  but  also  those  with  the 
appearance  of  diplo-bacilli.  The  former,  perhaps  more  especially  the 
larger  forms,  would  be  acceptable  to  the  majority  of  observers  as  diph- 
theria bacilli.  The  latter  were  formerly  included  for  the  most  part 
by  us  under  our  ''  atypical "  forms,  and  have  been  looked  upon  as 
pseudodiphtheria  bacilli  by  Hoffmann  and  others.  It  seemed  better 
to  place  them  in  this  group  than  with  the  barred  varieties,  because 
the  paired  arrangement  is  so  frequent  that  we  were  at  first  inclined  to 
believe  it  to  be  constant  in  some  strains.  The  intensity  of  coloration 
varies  in  different  bacilli  in  the  same  variety,  and  there  may  be  some 
shading  in  the  same  individual. 

Types  in  Detail. 

Types  A,  A^  and  A^.  (See  Plate  I.,  Figs.  1,  2,  and  3.)  These  are 
ordinarily  described  as  involution  forms.  Here  are  included  those 
swollen  "  bizarre "  bacilli  which  appear  as  spherical,  semilunar, 
^'dumb-bell,''  "Indian-club"  and  "ghost''  forms.  Portions  of  cer- 
tain of  these  may  be  as  much  as  3  microns  in  diameter,  though  usually 
1  to  2  microns  thick  by  3  to  6  microns  long.  Many,  if  not  all  of 
these,  may  be  found  in  : 

{a)  Direct  smear  preparations  from  clinical  cases. 

{h)  Either  young  or  old  cultures  made  directly  from  clinical  cases 
as  well  as  from  healthy  individuals. 

(e)  Either  young  or  old  cultures  which  have  been  kept  in  the 
laboratory  for  many  months,  derived  originally  from  clinical  cases  or 
from  healthy  people. 

In  view  of  these  facts  their  inclusion  amongst  *'  degeneration  or 
involution  "  forms  is  questionable. 

The  distinction  between  A  and  A^  is  rendered  somewhat  difficult 
at  times  by  the  occurrence  of  barred  varieties  containing  one  or  more 
metachromatic  polar  granules.  In  all  three  types  there  is  the  greatest 
variability  in  the  staining  reaction,  causing  some  difficulty  in  diag- 
nosis. No  one  of  the  types  represented  can  be  considered  an  impos- 
sible form  of  bacillus  diphtherise  when  occurring  with  the  others. 
Certain  of  them — in  type  A^ — if  found  as  the  only  microbe  present, 
besides  staphylococcus  or  streptococcus,  in  a  throat  culture  would  not 
suggest  a  diagnosis  of  diphtheria. 

In  these  types  the  adoption  of  a  single  form  as  the  type  of  the 
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group  which  governs  the  classification  elsewhere  has  been  purposely 
avoided.  Their  one  common  characteristic  is  their  swollen  appear- 
ance. The  virulence  of  these  three  types  to  man  is  probable  from 
their  frequent  great  abundance  and  almost  constant  presence  in  small 
numbers  in  all  cultures  derived  from  clinical  cases.  They  are,  how- 
ever, rarely  or  never  the  predominating  types  in  pure  cultures  which 
have  been  shown  to  be  virulent  to  animals. 

Types  B,  B^  and  W.  (See  Plate  II.,  Figs.  1,  2,  and  3.)  Types  let- 
tered B,  B^  and  B^  are  also  by  some  observers  spoken  of  as  "  involu- 
tion ^^  forms,  and  by  many  others  as  ^^  attenuated  ''  forms.  They  are 
long  and  slender  (about  0.5  micron  in  thickness  and  3  to  7  microns  in 
length)  while  the  granules  in  B  and  the  segments  in  B^  usually  have 
the  longitudinal  diameter  considerably  greater  than  the  transverse. 
The  granules  in  B  rarely,  if  ever,  show  metachromatism,  and  do  not 
swell  the  body  of  the  bacillus.  This  type  (B)  has  been  found  as  almost 
the  sole  diphtheria-like  organism  present  in  a  series  of  cultures  from 
a  case  of  typical  clinical  diphtheria  and  proven  to  be  highly  virulent 
to  guinea-pigs. 

Types  B^  and  B^  have  not  been  found  as  the  predominating  forms 
in  direct  throat  or  nose  cultures,  though  sometimes  present  in  small 
numbers.  It  will  readily  be  seen  from  the  resemblance  in  size  and 
shape  of  type  B^  to  various  common  bacteria  of  the  mouth  that  it 
would  be  very  unsafe  to  diagnose  this  type  as  bacillus  diphtherise  ex- 
cept when  it  occurs  as  a  variant  in  pure  cultures. 

Type  C.  0.5  to  1  micron  thick  by  3  to  6  microns  long.  (See 
Plate  III.,  Fig.  1.)  (The  usual  length  of  4  microns  may  be  increased 
to  6  microns  in  those  forms  which  seem  to  be  about  to  divide.)  Often 
somewhat  curved  forms,  in  which  protoplasm  stains  light  blue  except 
always  at  poles  and  occasionally  at  one  point  between  the  poles,  where 
rounded,  rarely  ellipsoid  granules  occur.  These  granules  show  meta- 
chromatism— I.  e.,  stain  dark  blue  with  a  marked  reddish  tinge,  and 
are  thicker  than  the  rest  of  the  bacillus. 

This  form  is  the  most  common  one  met  with  in  clinical  cases,  and 
may  be  considered  the  *'long"  form  of  bacillus  diphtheriae,  as  con- 
trasted,with  the  "  short''  form  of  most  observers. 

Type  D.  0.75  to  1  micron  thick  by  2  to  3  microns  long.  (See 
Plate  IV.,  Fig.  1.)  Similar  in  most  respects  to  C,  but  shorter  and 
thicker  and  apparently  straighter. 


PLATE  I. 


%  F^-t- 


Fig.  1.  Type  A.  1  to  2  //  thick,  3  to  6  //  long. 
Fig.  2.  Type  A^.  1  to  2  //  thick,  3  to  6  /^  long. 
Fig.  3.     Type  A^.      1  to  2  ^  thick,  3  to  6  //  long. 


PLATE   II. 


ngj.  • 


Fig.  1.  Type  B.  0.5  //  thick,  3  to  7  //  long. 
Fig.  2.  Type  B^  0.5  //  thick,  3  to  7  //  long. 
Fig.  3.     Type  B^.     0.5  //  thick,  3  to  7  /*  long. 


PLATE  III. 


L 


Fig.  1.  Type  C.  0.5  to  1  //  thick,  3  to  6  /u  long. 
Fig.  2.  Type  C^.  0.5  to  1  //  thick,  3  to  6  //  long. 
Fig.  3.     Type  C^.      0.5  to  1  //  thick,  3  to  4  /*  long. 
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Type  E.  0.5  to  0.75  micron  thick  by  about  1.5  microns  long. 
(See  Plate  V.,  Fig.  1.)  Otherwise  like  D.  D  and  E  comprise 
probably  the  "short"  forms  of  bacillus  diphtherise  of  other  observers. 

Though  types  C,  D  and  E  are  ordinarily  diagnosed  without  hesita- 
tion as  bacillus  diphtherias,  yet  when  considering  them  in  relation  to 
the  other  types  herewith  described,  it  must  not  be  forgotten  that  they 
are  frequently  met  with  in  the  throats  or  noses  of  perfectly  healthy 
persons  not  recently  exposed  to  clinical  diphtheria.  Further,  they 
sometimes  fail  to  show  any  degree  of  toxicity  when  tested  on  guinea- 
pigs. 

Type  F.  0.25  to  0.5  micron  thick  by  1  to  2  microns  long.  (See 
Plate  VI.,  Fig.  1.)  Small,  slender  bacilli  with  tapering  extremities. 
The  bacilli  stain  light  blue  and  contain  one  or  two  rounded  granules 
of  an  intense  dark  blue  with  a  reddish  tinge — i.  e,,  metachromatic. 
The  granules  occur  at  one  end  or  near  the  middle,  or  in  both  places. 
The  granules  are  thicker  than  the  rest  of  the  protoplasm  which  tapers 
from  their  point  of  occurrence  toward  the  ends.  This  form  is  ex- 
tremely rare,  and  its  pathogenesis  has  not  yet  been  studied. 

Type  G.  0.5  to  0.75  micron,  thick  by  1  to  1.5  microns  long.  (See 
Plate  VI.,  Fig.  3.)  Shortest  granular  form.  Bacilli  usually  paired. 
Each  pair  resembles  a  dark-blue  ellipsoid  divided  transversely  by  a 
clear,  narrow  space.  Granules  are  very  small,  difficult  to  see,  and  occur 
only  at  the  distal  extremities  of  the  pairs.  They  stain  an  intense  blue, 
and  occasionally  show  a  slight  trace  of  red.  Has  been  very  rarely 
found  in  clinical  cases,  though  its  pathogenesis  for  guinea-pigs  has 
been  shown  in  cultures  from  a  non-clinical  case. 

Type  C\  0.5  to  1  micron  thick  by  3  to  6  microns  long.  (See 
Plate  III.,  Fig.  2.)  Long  curved  forms  usually  thicker  at  one  end, 
or  straight  forms  thicker  in  the  middle,  with  bluntly  pointed  ends. 
Its  characteristic  is  a  dark-blue  color  with  four  to  eight  lightly  stained 
or  white  transverse  bands. 

In  the  experience  of  this  laboratory  this  form,  so  commonly  figured 
in  text-books  as  the  type,  is  not  so  frequently  found  as  the  larger 
forms  with  polar  granules. 

Type  D\  0.5  to  1  micron  thick  by  2  to  3  microns  long.  (See 
Plate  IV.,  Fig.  2.)  As  compared  with  C^  this  form  is  shorter,  has 
fewer  bands  and  is  usually  straighter. 

Type  E\     0.5  to  0.75  micron  thick  by  1.5  to  2  microns  long. 


208  WESBROOK,   WILSON 

(See  Plate  V.,  Fig.  2.)  Otherwise,  like  D\  except  that  staining  is 
more  frequently  lighter. 

Types  C\  D^  and  E^  have  been  described  by  numerous  observers 
as  xerosis  bacilli,  although  the  occasional  etiological  relation  of  C^  to 
clinical  diphtheria  is  fairly  well  established. 

Type  C^.  0.5  to  1  micron  thick  by  3  to  4  microns  long.  (See 
Plate  III.,  Fig.  3.)  Curved  or  straight  forms,  usually  slightly  clubbed 
or  tapering  at  both  ends.  Stains  a  fairly  uniform  intense  blue,  no 
metachromatism ;  granules  and  barring  absent.  Infrequently  met 
with,  but  up  to  the  present  time  never  found  by  us  as  the  predomi- 
nating form  even  in  pure  cultures  which  have  been  long  under  study. 
Its  virulence  to  man  and  animals  is,  therefore,  a  matter  of  conjecture 
alone. 

Type  Dl  0.75  to  1  micron  thick  by  1  to  2.5  microns  long.  (See 
Plate  IV.,  Fig.  3.)  Bacilli  generally  present  the  appearance  of  pairs 
with  opposing  extremities  flattened  and  thickened.  Whether  the  light 
or  colorless  portion  seen  between  is  unstained  protoplasm  in  a  long 
bacillus  or  an  actual  space  between  two  opposed  bacilli  cannot  yet  be 
stated.  It  is  probable  that  one  condition  is  succeeded  by  the  other, 
since  solid  bacilli  of  the  same  shape,  length  and  thickness  are  always 
present  in  pure  cultures  which  have  been  repeatedly  sown  from  isolated 
colonies,  and  are  included  in  this  type.  The  distal  extremities  of  the 
paired  forms  are  bluntly  pointed  or  abruptly  rounded.  All  bacilli 
stain  a  fairly  intense  even  blue.     Metachromatism  is  absent. 

This  is  the  type  to  which  particular  attention  was  drawn  in  a 
former  communication  as  the  "atypical"  form  of  B.  diphtheriae.^ 
It  is  the  most  prevalent  form  at  Owatonna,  is  occasionally  the  only 
form  present  in  clinical  cases,  and  is  frequently  pathogenic  to  guinea- 
pigs.  When  so,  protection  is  aflforded  by  the  use  of  commercial  diph- 
theria antitoxin. 

Type  E^.  0.5  to  0.75  micron  thick  by  1  to  2  microns  long.  (See 
Plate  v..  Fig.  3.)  Very  like  D^,  except  that  it  is  smaller  and 
apparently  straighter. 

D^  and  E^  are  probably  included  under  the  ^'  pseudodiphtheria  " 
or  ^'  Hoffmann  "  group  of  bacilli  of  other  observers.  They  are  fre- 
quently found  together.  Frequently  each  occurs  in  pure  cultures 
without  admixture  with   other  forms.     This  is  true  also   of  direct 
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PLATE   IV. 
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Fig.  1.    Type  D.       0.75  to  1  /^  thick,  2  to  3  /a  long. 
Fig.  2.     Type  DV     0.5  to  1  //  thick,  2  to  3  //  long. 
Fig.  3.     Type  D^.     0.75  to  1  /^  thick,  1  to  2.5  /^  long. 


PLATE  V. 


Fig.   1.     Type  E.       O.o  to  0.75  /.  thick,  1.5  ii  long. 
Fig.  2.     Type  E».      0.5  to  0.75  //  thick,  1.5  to  2  //  long. 
Fig.  3.     Type  E'.      0.5  to  0.75  fi  thick,  1  to  2  /^  long. 


PLATE  VI. 


Fig.  1.  Type  F.  0.25  to  O.o  fx  thick,  1  to  2  //  Ion- 

Fig.  2.  Type  F^.  0.25  ^  thick,  1  to  2  ,«  long. 

Fig.  3.  Type  G.  0.5  to  0.75  ^w  thick,  1  to  1.5  //  long. 

Fig.  4.  Type  G 2.  0.5  to  0.75  ,«  thick,  1  to  1.25 // long. 
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throat  or  nose  cultures.  The  pathogenesis  of  E^  yet  remains  to  be 
determined. 

Type  F^.  About  0.25  micron  thick  and  1  to  2  microns  long.  (See 
Plate  yi.,  Fig.  2.)  Small  slender  bacillus  with  one  or  both  ex- 
tremities tapering.  Stains  an  even,  usually  light  blue.  Frequently 
arranged  in  pairs  like  D^  and  E^.  A  rare  form,  and  one  which  like 
B^  would  not  be  recognized  as  related  to  diphtheria  in  throat  cul- 
tures, but  only  so  when  found  as  a  variant  in  pure  cultures. 

Type  G^  0.5  to  0.75  micron  thick  by  1  to  1.25  micron  long.  (See 
Plate  VI.,  Fig.  4.)  A  bacillus  resembling  D^  and  E^  in  staining  and 
arrangement,  but  shorter.  Has  almost  diplococcus  appearance  and 
resembles  E,  except  for  the  presence  of  granules. 

Variations  in  Type. 

The  study  of  variations  in  types  is  complicated  by  the  fact  that 
there  is  usually  admixture  of  types  in  both  original  and  pure  cultures. 
Attempts  have  been  made  to  determine  the  sequence  of  forms : 

(a)  In  cultures  derived  from  clinical  cases  for  routine  diagnosis 

for  establishment  and  maintenance  of  quarantine. 
(6)  In  cultures  from  throats  and  noses  of  healthy  children  under 

complete  individual  isolation. 
{c)  In  pure  cultures  isolated  as  previously  described. 
{a)  After  the  first  positive  report  is  given  in  a  clinical  case  the 
patient  is  supposedly  placed  in  complete  individual  isolation.  The 
maintenance  of  strict  isolation  in  private  families  is,  of  course,  difficult, 
and  usually  abundant  opportunities  are  given-  for  the  transfer  of  bac- 
teria from  attendants  and  surroundings  to  the  patient.  Consequently 
such  transfer  cannot  be  absolutely  excluded  as  the  possible  cause 
of  the  appearance  of  new  types  of  bacilli  in  the  patient  during  the 
course  of  the  disease.  The  disturbing  factor,  however,  is  probably 
very  seldom  actually  operative,  as  will  appear  from  a  study  of  the 
following  clinical  cases  : 


Case  No.  1 

(E.  S.,  No. 

8166). 

Exam.  No. 

Types  present.       Exam. 

No. 

Types  present. 

1 

C,  D,  E. 

5 

C,  E,  A,  D. 

2 

A,  D,  C. 

6 

D,  E,  A,  E^  D^ 

3 

A,  C,  D. 

7 

B\  D\  E,  D,  A,  J)\ 

4 

C,  A,  D. 

8 

D\  D\ 
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CASE  No.  2  (W.  D.,  No.  8181). 
Exam.  No.       Types  present.       Exam.  No,  Types  present. 

1  C,  A,  D.  3  E^C,  D,  A,  D^ 

2  C,  D,  A,  E.  4  D^  E^  D^  C\  D,  A^,  G\ 

Cases  Nos.  1  and  2,  in  which  the  cultures  were  taken  during  a 
period  of  about  three  weeks,  show  {a)  the  presence  of  large  granular 
types,  with  absence  of  other  types  during  the  prevalence  of  clinical 
symptoms,  and  (b)  the  entire  replacement  of  granular  types  by  barred 
and  solid  types  as  convalescence  was  established  and  just  prior  to  the 
entire  disappearance  of  all  diphtheria-like  organisms.  This  seems  to 
be  the  usual  order  of  variation  in  clinical  cases,  as  has  been  noted  by 
other  observers  and  frequently  in  this  laboratory. 

That  exactly  the  opposite  conditions  may  obtain  is  shown  by  the 
following : 

Clinical  Case  No.  3  (R.  S.,  No.  7693). 

Exam.  No.       Types  present.  Exam.  No.  Types  present. 

1  D^  E^.  4  D,  D^,  E^ 

2  D\  E^  J)\  EK  5  D.  C,  A. 

S  T>\  6  D,  C,  E,  A. 

Here  it  will  be  seen  that  with  the  onset  of  symptoms  only  solid 
types  of  bacillus  diphtherise  were  present,  and  that  not  until  the  fourth 
culture — third  week  of  the  disease — did  the  granular  types  appear. 
They  then  became  and  remained  the  only  types  found  until  the  final 
entire  disappearance  of  all  diphtheria-like  organisms.  Such  cases  in 
the  experience  of  this  laboratory  are  infrequent,  but  that  they  do 
occasionally  occur  is  beyond  question. 

(b)  Variations  in  the  types  found  in  a  series  of  original  throat  or 
nose  cultures  from  children,  even  under  complete  individual  isolation, 
may  be  more  apparent  than  real.  In  complete  individual  isolation 
there  is  no  opportunity  for  the  introduction  of  other  forms  from  other 
persons.  It  must  be  remembered,  however,  that  there  is  no  possi- 
bility of  determining  definitely  the  flora  of  the  entire  body  of  the 
patient  himself.  An  examination  of  the  throat  is  not  an  exact  index 
of  the  various  types  to  be  found  in  the  nose.  When  both  nose  and 
throat  show  the  forms  in  synchronous  cultures,  the  Eustachian  tube, 
the  eye,  skin  or  other  portions  of  the  body  may  prove  to  be  the  source 
of  subsequent  invasion  by  other  types.  Notwithstanding  these  diffi- 
culties, since  knowledge  of  the  morphological  variation  of  bacillus 
diphtherias  within  the  human  body  seems   so  important,  every  op- 
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portunity  for  such  study  should  be  embraced.  This  requires  the 
observance  of  the  most  careful  technique.  Portions  of  the  patient's 
body  not  being  examined  must  be  kept  as  clean  as  possible  by  fre- 
quent bathing  and  by  the  use  of  antiseptic  solutions.  The  cultures 
must  be  taken  over  all  accessible  portions  of  the  throat,  nose,  eye,  etc. 
Care  must  be  taken  to  avoid  any  fluctuation  in  the  medium,  in  the 
temperature  and  period  of  incubation  and  in  the  details  of  staining. 
The  cover-slip  preparation  must  contain  material  from  all  portions  of 
the  culture,  and  must  be  patiently  and  carefully  searched.  The  "  per- 
sonal equation  "  should  be  eliminated  as  far  as  possible  by  having 
all  the  observations  of  a  series  made  by  the  same  microscopist. 

Examinations  of  189  cases,  made  so  far  as  possible  under  the  above 
conditions,  have  failed  to  show  such  great  variation  due  to  accidental 
causes  as  might  have  been  expected  on  theoretical  grounds.  A  few 
cases  will  serve  to  illustrate  results  obtained.  The  types  are  indicated 
in  order  of  their  predominance  in  the  slide  examined. 


Case  No.  4  (H.  C,  No.  3683, 

McD.). 

Exam.  No.       Types  present. 

1       E^  G^  Fi 

2  E^  Dl 

3  E^  I>\ 

4  E^,  D^  D,  C. 

Exam.  No. 
5 
6 

7 
8 

Types  present. 
E^  D,  E,  E\  J)\  C\ 
E^  F\ 
FJ,  D\  D. 

E^  G^  E\  i)\  D\ 

It  will  be  seen  here  that  E^  was  the  predominating  form  through- 
out. D^  was  present  in  all  cultures  except  the  first  and  sixth.  Varia- 
tion to  other  solid  forms  occurred  three  times,  to  barred  forms  twice, 
and  to  granular  forms  but  once. 

Case  No.  5  (C.  A.,  No.  2918,  McD.). 

Exam.  No.       Types  present.  Exam.  No.  Types  present. 

1  E^,  G^  D^  B\  3  E^  G^  E,  G. 

2  E',I>\  4  E^ 

Here,  again,  E^  was  the  predominating  type  in  all  cultures.  It 
was  associated  with  closely  related  solid  forms  three  times,  and  granular 
forms  occurred  but  once. 

Case  No.  6  (M.  J.,  No.  50,  McD.). 

Exam.  No.       Types  present.  Exam.  No.  Types  present. 

1  D^  E^  G^  B\  E\  4  E^  G^  D^ 

2  E^  D».  5  E'^  G^  D',  F^  F. 

3  D^  E^  E^  6  D^,  E^  C^ 


5 
6 

Types  present. 
E^,  D^  C^ 

7 

D^  E^ 
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Here  D^  and  E^  were  present  throughout  and  alternated  in  pre- 
dominance. Other  closely  related  solid  and  barred  forms  were  present 
five  times,  and  a  granular  variety  but  once. 

Case  No.  7  (E.  A.,  No.  1078,  McD.). 
Exam.  No.       Types  present. 

1  E^  D^  E\  T>\ 

2  E^  D^,  A^ 

3  D^  E^,  D\  B\  A\  C^  B\ 

4  D^,  E^  A2. 

In  this  case  D^  was  prominent  throughout,  while  the  variation  was 
only  to  other  solid  forms  and  twice  to  closely  related  barred  forms. 

Case  No.  8  (A.  C,  No.  3975,  McD.). 
Exam.  No.       Types  present.  Exam.  No.       Types  present. 

1  E\'D\-E\I)\C\  4  E^F^  E^Di. 

2  E\  T>\  E\  D^  C.  6  G^  E^  E\ 

3  B\  I)\  E\  F\ 

This  case  presents  a  marked  predominance  of  barred  types  with 
some  variation  in  each  culture  to  closely  related  solid  types. 

Case  No.  9  (L.  C,  No.  1136,  McD.). 
Exam.  No.       Types  present.  Exam.  No.  Types  present. 

1  C,  D,  E,  A,  B\  5  E,  F,  C,  B\  C\  C\  E^  F^. 

2  B^  C'^  C\  C.  6  D,  C,  E^  F,  B. 

3  E,  C,  B\  B\  7  D2,  C,  D,  E,  F^  F,  G^ 

4  C,  D,  E,  F,  £2.  8  E^E,D,  C,  G. 

In  this  case  granular  types  are  in  marked  predominance  with  C 
and  D  as  the  leading  types.  Variation,  however,  is  very  great, 
ranging  in  the  granular  group  from  the  largest  to  the  smallest  (A  to 
G),  and  to  barred  or  solid  types  in  every  culture. 

This  serves  to  illustrate  the  fact,  frequently  observed,  that  the 
variability  of  the  granular  types  of  bacilli  is  greater  than  that  of  the 
solid  forms. 

(e)  Twenty  pure  cultures  isolated  from  various  sources  by  streak- 
ing out  from  selected  single  colonies  as  each  subculture  was  made 
have  been  selected  as  illustrating  the  variation  in  type  in  serial 
examinations  of  pure  stocks.  The  results  have  been  tabulated  and 
are  presented  in  the  accompanying  table  of  "  Morphology." 

This  table  is  too  voluminous  for  anything  more  than  a  few  general- 
izations, and  a  better  understanding  of  the  matter  will  be  arrived  at 
by  the  selection  and  careful  study  in  detail  of  a  few  of  the  stocks. 


OF  MOR 


^ATONNA). 


7097  i 


3(?) 

GG2     ^^ 
GG2E^I>^ 
D2G     G}2 
G  'I>E 

G  ^E 
ES  |G' 
G2GpBi 

No  gToyi^  ^  ^ ' 
E2G2G2D1 

No  grow  ^  ^' 
Nogrowf^I^^ 


2352 


CDE« 

None  (?) 
E2  G2 

CDBiIji 

F2 
CDEA 
EE2  Bi 

D2BI 

D2D1  Bi 

E2G2 

DFA 
D2E 


4296  McD. 


D2E2 
Staphylococci 

D2E2G2 

DBIBG2 

E2D2G2 

D2ED1 
D2G2 

D2E2 

E2 
D2B2 

j  ( No  visible 
\     growth 

D2BI 


2629  McI). 


7087 


G2E^  I     E2FED1 

Staphylococci  j  Staphylococci 
D^BiDSA!        D2G2 


D2D 
E  E2  D2  G2 

E2G2 
E2D2 

E2 

E2G2 

E2 
D2  B2 

D2G2 
G2D2B2 


1)2  G2 

ED2G2 

I)2G2 
E2G2 
G2E2 

E2G 

Coutaminated 
D2B2 

f  No  visible 
(     growth 

G2D2 


D2 
None  (?) 

D2E2G2 

D2G2E2 

E2D2 

G2E2 

G2 

E2G2 
E2D2 

E2G2 

No  growth 
No  growth 


,i»suir> .[ 


lo'A 


fft« 
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Pure  Stock,  No.  1.    (Clinical  Case,  No.  3834.) 


16  to  18  hours. 

40  to  45  hours. 

90  hours. 

1. 

Original  throat  culture 

C,  D,  E,  E^. 

2. 

Pure  culture"^  . 

B,  C,  A. 

C,  D,  A. 

B,  C,  A 

3. 

B,  D,  D^. 

C,D,  E 

4. 

G\  B\ 

5. 

D,  E,  G,  C. 

6. 

D^  E,  C\ 

7. 

D^  C^ 

8. 

A,  C,  B. 

C,  C\  A. 

It  is  interesting  to  note  that  in  this  stock,  type  C,  originally  the 
predominating  form,  was  still  present  two  years  later,  though  with  it 
were  the  so-called  *' attenuated  and  swollen  involution  forms  "  B  and 
A.  To  regard  them  in  this  case  as  involution  forms  is  unwarranted 
when  it  is  seen  that  the  stock  reverts  to  the  shorter  granular,  barred 
and  solid  types,  though  A  and  B  are  again  present  in  the  last  exam- 
ination of  the  young  serum  cultures.  It  will  be  noticed  that  on  one 
occasion  the  barred  or  "  xerosis  "  forms,  C^  and  D\  were  present 
without  admixture  with  other  types,  though  no  barred  forms  were 
present  in  the  original  culture.  >  This  is  of  interest,  because  this  stock 
originated  from  a  virulent  clinical  case  in  which  the  bacilli  persisted 
for  a  long  time  in  the  throat.  It  has  proven  virulent  for  guinea-pigs 
in  every  one  of  many  inoculations. 

Type  C,  or  one  of  its  nearest  neighbors  amongst  the  long  types  in 
the  accompanying  sketches,  was  present  in  every  examination.  The 
presence  of  C  did  not  seem  to  be  influenced  by  the  age  of  the  culture 
at  the  time  of  examination. 


Pure  Stock,  No.  2.    (Clinical  Case,  No 

3837.) 

16  to  18  hours. 

40  to  45  hours. 

90  hours. 

1.  Original  throat  culture 

C,D. 

2.  Pure  culturef 

B.  C\  C,  T>\ 

B,  0,  a,  A. 

B,  C,  C\  A. 

3.       "        "      .        .        . 

D,  E,  B,  Dl 

C,  D,  E.  A,  C^ 

4.      "        "      .         .        . 

B,  C\ 

5.       "         "       .         .         . 

A,  D,  E. 

6.      "        "       .        .        . 

B,  A,  C,  C^ 

7.      ''        "      .        .        . 

B,  C,  A.  C\ 

8.       ''''..        . 

A.  C,  B. 

C,  CS  A. 

In  this  stock  only  one  solidly  staining  type  (D^)  was  found  present, 
and  that  only  on  two  successive  occasions,  and  then  was  less  numerous 


*  Two  years  after  isolation. 


t  Two  years  after  isolation. 
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than  the  other  forms.     The  general  tendency  is  to  the  predominance 
of  the  long  forms  throughout.     The  culture  has  remained  virulent  for 
guinea-pigs  throughout  its  whole  history,  and  was  obtained  from  a 
severe  clinical  case. 
Pure  Stock,  No.  3.    (Clinical  Case,  No.  6175.) 


16  to  18  hours. 

40  to  45  hours. 

90  hours. 

1.  Original  throat  cultures 

D,  E^. 

2.  Pure  culture^ 

D^  G\ 

G^ 

T>\  D^  D,  A^ 

3.      " 

"        .        .        . 

'D^E,  C^. 

4.      " 

D^  E^. 

5.      " 

D^  G^  G. 

6.      " 

D2,  E,  E^ 

7.      " 

D^  c\ 

8.      " 

F,E^ 

D^  G^ 

In  this  stock  the  persistent  predominance  of  the  solid  types  (D^ 
and  E^)  is  very  marked,  though  almost  every  culture  shows  short 
granular  types  (usually  considered  non-virulent)  present.  This  is 
of  special  interest  since  the  stock  is  from  a  clinical  case  and  proved 
to  be  pathogenic  to  guinea-pigs  whenever  tested. 

Pqre  Stock,  No.  4.     (Non-clinical  Case,  No.  4303,  McD.) 

16  to  18  hours.  40  to  45  hours.  90  hours. 

1 .  Original  throat  culture    C,  D. 

D,  F,  T>\  C.  D,  B,  A.  B,  A,  C^ 

,    C,  D,  E.  C,  D,  E,  A. 

.    B,  A. 
.    A,  B. 
C,  D,  A. 
B,  C. 
A,  D,  D^  El        D,  E,  C\  A. 

Though  this  stock  was  obtained  from  the  throat  of  a  child  who  at 
no  time  gave  any  evidence  of  clinical  diphtheria,  had  not  been  ex- 
posed to  clinical  diphtheria,  and  at  the  time  of  taking  the  culture  was 
in  complete  individual  isolation,  yet  the  original  and  almost  every 
subculture  of  it  showed  only  granular  types — i.  e.,  those  usually  con- 
sidered as  diagnostic  of  diphtheria.  The  stock  is  virulent  to  guinea- 
pigs.  This  stock  is  of  peculiar  interest,  since,  except  for  the  entire 
absence  of  clinical  symptoms  in  the  patient,  it  would  have  been  im- 
possible at  all  times  to  have  differentiated  it  for  diagnostic  purposes 
from  Stock  No.  2  (from  a  marked  clinical  case). 


2. 

Pure  culturef 

3. 

Cl 

4. 

li 

5. 

It 

6. 

IC 

7. 

« 

8. 

C( 

*  About  one  year  after  isolation. 


t  Nine  months  after  isolation. 
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Pure  Stock,  No.  5.    (Non-clinical  Case,  No.  5218,  McD.) 


16  to  18  hours. 

40  to  45  hours. 

90  hours. 

I.  Original  throat  culture 

C,  D,  E=^. 

2.  Pure  culture^ 

B,  C,  C\ 

C,  D,  E,  A. 

B,  C,  A. 

3.       " 

C,  D,  E,  E^ 

C,  D,  E,  A. 

4.       " 

A,  B,  C,  D,  E,  E^ 

5.       " 

A,C. 

6.      " 

A,  C,  D. 

7.      " 

C\  B,  A. 

8.      " 

C,  D,  C\  A. 

D,  C\  E,  A. 

This  stock  also  was  obtained  from  a  child  without  clinical  symptoms 
of  diphtheria,  not  recently  exposed  to  diphtheria,  and  under  strict 
individual  isolation  when  the  culture  was  taken.  The.  large  granular 
types  are  present  and  predominating,  but  it  has  not  been  possible  to 
kill  guinea-pigs  with  this  stock  with  large  doses  of  grown  cultures. 

The  similarity  of  the  predominating  granular  types  in  Stocks  Nos. 
2,  4  and  5  is  remarkable  when  considered  in  connection  with  their 
great  dissimilarity  in  virulence.  Thus,  No.  2  is  from  a  clinical  case 
and  is  highly  virulent  to  guinea-pigs ;  No.  4  caused  no  symptoms  in 
the  child-host,  but  is  virulent  to  guinea-pigs ;  No.  5  caused  no  clinical 
symptoms  and  is  not  at  all  virulent  to  guinea-pigs.  We  seem  to  have 
here  three  distinct  grades  of  virulence  without  any  corresponding 
change  in  morphological  type. 

Pure  Stock,  No.  6.    (Non-clinical  Case,  No.  W.) 


16  to  IS  hours. 

40  to  45  hours. 

90  hours. 

1.  Original  throat  culture 

D\ 

2.  Pure 

culture! 

Dl 

D^  E^  G\ 

D^,  G^  E^ 

3.       " 

E^  D\ 

G^  E^. 

4.       " 

G\ 

5.       " 

E^  G^ 

6.       " 

E2,  D^ 

7.      " 

E^  G^ 

8.      " 

Dl 

T>\  W. 

This  stock  was  obtained  from  the  throat  of  one  of  the  writers  soon 
after  a  short  visit  to  the  State  Public  School,  where  bacteria  of  the 
types  found  were  present  in  many  noses  and  throats.  A  slightly 
reddened,  swollen  sore  throat  was  the  reason  for  taking  the  original 
culture.  These  symptoms  quickly  subsided,  and  the  bacteria  disap- 
peared, under  treatment  with  antiseptic  gargles,  from  the  throat  within 


*  Eight  months  after  isolation. 


t  One  year  after  isolation. 
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a  few  days.  It  will  be  noted  that  at  no  time  in  the  history  of  the 
stock  were  other  than  solid  types  (D'^,  E^,  G^)  present,  yet  the  cul- 
tures readily  killed  unprotected  guinea-pigs,  while  others  of  the  same 
size  and  weight  remained  alive  and  well  after  synchronous  injection 
with  large  quantities  of  the  bacteria  mixed  with  commercial  antitoxin. 
It  would  thus  appear  that  the  stock  is  true  diphtheria,  though  it  caused 
but  slight  symptoms  in  man  and  is  of  the  morphological  type  described 
by  many  observers  as  ^'pseudodiphtheria/' 

When  the  observations  here  recorded  were  begun,  the  stocks  had 
been  isolated  by  a  repetition  of  this  process  of  colony  picking  and 
subsequent  '^  streaking  out  "  from  three  to  fifteen  times.  Each  sub- 
culture having  been  made  in  the  same  way,  it  is  apparent  from  the 
tables*  that  the  stocks  at  the  time  of  the  last  observation  had  been  sub- 
jected to  this  purification  process  from  twenty  to  forty  or  more  times. 

Assuming  that  where  the  initial  throat  cultures  were  mixtures  of 
different  groups  of  types,  it  might  be  expected  that  in  most  of  such 
stocks  a  single  type  or  its  neighbors  within  the  same  group  would 
have  been  the  result  of  the  long-continued  selective  process,  and  this 
has  been  found  to  be  true.  Examinations  of  the  later  cultures  of 
most  of  the  stocks  show  that,  as  a  rule,  some  and  generally  all  of  the 
types  met  with  in  the  original  throat  cultures  are  found  again  late  in 
the  series  of  examinations.  If  not  grouped  in  one  specimen,  as  they 
were  in  the  original  throat  or  nose  culture,  all  of  the  original  types 
are  usually  found  present  scattered  throughout  the  later  cultures.  To 
illustrate,  when  we  have  granular  and  solid  types  in  the  original  cul- 
ture we  rarely  find,  so  far  as  can  yet  be  determined,  permanent  dis- 
appearance of  one  of  these  initial  types  in  the  later  examinations. 

It  appears  that  the  granular  types  when  predominating  or  unmixed 
with  the  barred  or  solid  types  in  the  original  cultures  have,  however, 
a  tendency,  as  in  throat  cultures  taken  in  series,  to  become  more  and 
more  mixed  with  or  replaced  by  barred  or  solid  forms  altogether  in 
the  later  examinations.  Insufficient  data  is  available  to  warrant  any 
such  positive  statement  at  the  present  time. 

Certain  of  these  stocks,  however,  in  which  one  of  the  solid  types  is 
the  only  diphtheria-like  organism  seen  in  the  original  throat  culture, 
and  in  which  the  immediately  succeeding  subcultures  show  only  solid 

*  The  tables  presented  at  the  meeting  were  much  more  voluminous  than  those  here  given. 
Tables  were  also  exhibited  there  which  are  not  given  here  at  all. 
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types,  are  found  to  contain  later  in  the  series  some  of  the  barred  or 
granular  types  and  seem  to  show  a  gradual  transition  from  solid  types 
through  barred  to  granular  types. 

Whether  a  parallelism  really  exists  or  not  between  variations  in 
type  as  they  occur  in  series  of  pure  cultures  or  in  throats  from  day  to 
day  cannot  be  definitely  stated,  though  such  would  appear  to  be  the  case. 

In  general  it  may  be  stated  that  in  successive  cultures  of  any  stock 
in  which  the  isolation  method  employed  would  lead  one  to  expect  the 
loss  of  certain  forms  originally  present,  all  are,  on  the  contrary, 
usually  preserved.  Notwithstanding  the  fact  that  with  the  types 
originally  present  there  may  occur  later  other  types  in  the  same  or 
different  groups,  there  is  a  strong  tendency  to  preserve  some  one  or 
two  types  throughout  the  series. 

Recording  Observations  in  Routine  Examination  for  Diagnosis. 

It  is  hoped  that  the  adoption  of  the  uniform  system  of  recording 
observations  in  routine  examinations  may  ultimately  result  in  the 
solution  of  several  etiological  problems.  There  is  given  below  the 
results  of  the  examination  of  the  original  throat  cultures  from  the  last 
hundred  cases  of  clinical  diphtheria  on  which  positive  bacteriological 
diagnoses  were  made  in  this  laboratory. 


Granular  types  alone  present 42 

Barred          "         "            '<              0 

Solid              '.         "             u              g 

Mixture  of  granular  and  barred  types  present,  solid  types  absent  8 

Mixture  of  granular  and  solid  types  present,  barred  forms  absent  30 

Mixture  of  barred  and  solid  types  present,  granular  types  absent  1 

Mixture  of  all  three  types 11 

Total     .        .        .        .        .        .        .100 

The  granular  types  will  be  seen  to  be  most  numerous,  and  91  per 
cent,  of  the  cases  showed  their  presence,  though  they  were  present 
without  admixture  of  other  types  in  but  42  per  cent. 

The  barred  types  were  never  found  alone,  but  in  mixtures  of  types 
were  present  in  21  per  cent,  of  the  cases.  The  solid  types  were  pres- 
ent as  the  sole  discoverable  form  of  diphtheria  bacillus  in  but  8  per 
cent,  of  the  cases  and  in  mixtures  of  types  in  50  per  cent. 

So  far  as  these  examinations  can  be  relied  upon  for  proof  of  the 
etiological  relation  existing  between  the  various  types  and  clinical 
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diphtheria,  it  would  seem  that  the  granular  forms  are  much  more 
frequently  the  cause  of  clinical  diphtheria,  C  and  D  being  by  far  the 
most  common  forms  found.  C  and  D  were  found  occurring  together 
in  61  per  cent,  of  the  cases.  D  was  found  in  78  and  C  in  63  out  of 
the  91  cases  in  which  the  granular  forms  occurred,  so  that  when  C 
was  present  it  was  mixed  with  D  in  61  out  of  63  cases. 

Relation  of  Cultural  to  Morphological  Peculiarities. 

An  extended  series  of  observations  on  the  cultural  characteristics 
of  various  pure  stocks  has  been  made.  Parallel  sowings  were  made 
on  all  the  ordinary  culture  media  and  on  various  modified  forms  of 
blood-serum.  The  full  discussion  of  these  observations  would  much 
exceed  the  limits  of  the  present  paper.*  It  may  be  sufficient  to  note 
here  that  the  variations  in  cultural  characteristics  are  almost  as  great 
as  those  in  morphology,  though  in  general  they  are  embraced  within 
the  limits  of  the  results  hitherto  obtained  by  other  observers.  The 
extreme  difficulty  of  maintaining  a  given  type  free  from  admixture 
with  other  types  has  necessitated  most  of  the  observations  being  made 
on  groups  of  closely  related  types  rather  than  on  a  single  one.  Where 
this  has  been  the  case  stocks  containing  the  same  predominating  types 
gave  similar  cultural  appearances,  the  slight  variations  being,  per- 
haps, due  to  the  dissimilarity  of  the  subordinate  morphological  types 
in  the  stocks. 

A  full  discussion  of  this  series  of  observations  must  be  reserved  for 
a  future  communication. 

Pathogenesis  to  Man  and  Animals,  and  Quarantine  Regulations  in 
Relation  to  Morphological  Types. 

Further  than  the  brief  mention  given  to  these  points  in  the  pre- 
ceding portion  of  the  paper,  little  need  be  said.*  Variation  and 
mixture  of  types  are  constantly  found,  and  unless  the  associated  types 
be  closely  related,  we  cannot  assume  at  this  stage  of  our  knowledge 
that  everyone  of  the  types  represented  would  be  virulent  if  found 
alone,  even  when  the  culture  is  obtained  from  a  severe  clinical  case  or 
proves  fatal  to  guinea-pigs.  This  must  be  the  case  unless  we  are 
prepared  to  admit  that  anyone  of  the  types  here  classified  is  capable 
of  change  into  or  replacement  by  anyone  of  the  other  types. 

*  Tables  illustrating  these  points  were  exhibited  at  the  meeting. 
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If  it  be  admitted,  for  instance,  that  any  of  the  already  well-recog- 
nized types  may  change  into  A,  as  would  appear  to  be  the  case  from 
its  general  acceptance  as  an  involution  form,  where  must  the  line  of 
possible  variation  be  drawn  ?  G  and  G^  would  appear  to  be  beyond 
all  possibility  of  inclusion  as  diphtheria  bacilli,  but  in  one  experiment 
when  these  types  were  present  in  one  of  our  carefully  isolated  pure  cul- 
tures, without  other  detectable  admixture,  on  inoculation  into  a  guinea- 
pig,  death  was  produced  in  less  than  forty-eight  hours,  and  the  culture 
isolated  from  the  site  of  inoculation  showed  forms  D^  and  a  few  D^ 
as  the  only  diphtheria-like  organisms. 

In  quarantine  measures,  if  the  bacteriological  method  be  employed, 
it  must  combine  speed  with  accuracy. 

Morphology  and  staining  must  continue  to  be,  perhaps,  the  most 
important  basis  of  diagnosis.  But  these  recognize  only  one  variable 
factor,  viz.,  the  bacilli,  and  ignore  the  local  and  general  resistance  of 
the  host. 

In  general,  then,  we  are  driven  to  dependence  upon  the  association 
of  clinical  symptoms  and  any  of  these  forms  when  it  is  the  pre- 
dominating form  of  microbe  in  the  throat. 

Summary. 

1.  The  routine  bacteriological  diagnosis  of  diphtheria  for  establish- 
ment and  maintenance  of  quarantine  must  continue  to  depend  largely 
on  the  observation  of  bacilli  in  12  to  24-hour  serum  cultures  from 
the  throats  of  patients. 

2.  The  great  variety  of  forms  met  with  in  such  cultures — some  of 
them  virulent  and  others  not — is  bewildering  even  to  the  best-trained 
diagnosticians. 

3.  Our  present  methods  of  describing  the  forms  met  with  are  inac- 
curate, incomplete  and  unintelligible  to  others. 

4.  To  overcome  this  difficulty  there  is  submitted  a  detailed  descrip- 
tion and  arbitrary  classification  of  types  of  known  and  probable  diph- 
theria bacilli  as  observed  under  all  conditions  on  Loffler's  blood-serum 
and  stained  with  Loffler's  methylene-blue.* 

*  Roux's,  Ernst's,  Crouch's  and  Neisser's  methods,  and  a  number  of  modifications  of  them, 
have  all  been  tested  in  this  laboratory,  and  all  of  ihem  abandoned  in  favor  of  Loffler's  method 
for  routine  diagnostic  work,  since,  while  all  of  them  possess  certain  special  advantages,  none 
of  them  gives  as  much  data  concerning  mixed  cultures  as  does  Loffler's  stain  when  properly 
used. 
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5.  This  classification  places  all  types  in  three  general  groups : 
(a)  Granular,  (b)  barred,  and  (c)  solid  (or  evenly  staining)  forms. 
Each  group  is  divided  into  types  based  on  the  shape  and  size  of  the 
bacilli. 

6.  A  study  of  variations  in  the  sequence  of  types  in  series  of  cul- 
tures derived  from  clinical  cases  of  diphtheria  shows  that : 

(a)  Granular  types  are  usually  the  most  predominant  forms  at  the 
outset  of  the  disease. 

(b)  The  granular  types  usually  give  place  wholly  or  in  part  to 
barred  and  solid  types  shortly  before  the  disappearance  of  diphtheria- 
like organisms. 

(c)  Solid  types,  by  many  observers  called  "  pseudodiphtheria 
bacilli,"  may  cause  severe  clinical  diphtheria. 

(d)  Solid  types  may  sometimes  be  replaced  by  granular  types  when 
convalescence  is  established  and  just  before  the  throat  is  cleared  of 
diphtheria-like  bacilli. 

7.  A  study  of  variations  in  the  sequence  of  types  in  a  series  of 
cultures  in  the  throats  and  noses  of  healthy  but  infected  children 
under  complete  individual  isolation  shows  that : 

(a)  The  variability  of  granular  types  under  such  conditions  is 
greater  than  that  of  the  solid  or  barred  types. 

{h)  Any  type  in  marked  predominance  at  the  beginning  is  likely  to 
persist  as  the  predominating  type  for  a  long  period  of  time. 

8.  A  study  of  a  series  of  subcultures  from  a  number  of  pure  stocks 
shows  that : 

(a)  There  is  a  strong  tendency  for  a  type  present  in  the  original 
culture  to  persist  even  for  a  number  of  years. 

(b)  Types  not  found  in  the  original  culture,  but  closely  related  to 
types  there  present,  may  later  in  the  history  of  the  stock  appear,  dis- 
appear and  again  reappear. 

(e)  This  variation  may  be  not  only  in  types  of  the  same  group  but 
also  to  types  of  similar  size  in  other  groups — e.  g.,  the  variation  of 
granular  to  barred  and  solid  types  and  the  converse. 

(d)  This  variation  may  be  so  complete  as  to  entirely  change  the 
predominating  types  present  in  the  stock. 

9.  In  a  hundred  clinical  cases  selected  at  random  the  first  throat 
cultures  showed  granular  types  present  alone  in  42  cases,  solid  types 
alone  in  8  cases.     The  remaining  50  cultures  were  mixtures. 
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10.  Comparable  cultural  variations  were  obtained  in  a  long  series 
of  sowings  on  ordinary  media  and  special  serum  mixtures. 

11.  In  the  present  state  of  our  knowledge,  data  for  the  establish- 
ment and  maintenance  of  quarantine  must  be  obtained  from  the  clinical 
symptoms  as  well  as  from  the  bacteriological  findings. 


DISCUSSION. 

Dr.  Abbott  :  It  is  manifest  to  everyone  present  who  is  familiar  with  bac- 
teriological technique  that  Dr.  Wesbrook's  paper  represents  an  enormous 
amount  of  work,  and  from  what  we  haye  heard  has  led  to  rather  confusing 
results.  Until  we  know  definitely  the  normal  morphology  of  this  organism 
I  do  not  see  how  this  confusion  can  be  obviated.  We  call  it  a  bacillus,  but 
from  the  number  of  observations  that  have  been  made  it  is  very  questionable 
if  this  is  really  its  morphology.  While  the  object  of  Dr.  Wesbrook's  work 
is  evident,  still  I  do  not  believe  it  possible  to  establish  any  constant  connec- 
tion between  the  various  forms  of  micro-organisms  seen  by  him  and  the 
clinical  character  of  the  disease  from  which  they  were  obtained.  I  think  if 
one  examine  various  cultures  of  diphtheria  bacillus  carefully  one  would 
readily  encounter  practically  all  of  the  forms  depicted  by  Dr.  Wesbrook, 
and  often  all  of  them  in  a  single-  culture.  My  belief  is  that  many  of  them 
are  simple  involution  forms,  and  I  know  that  many  of  them  can  be  produced 
at  will  by  alterations  in  the  environment  under  which  the  micro-organisms 
are  cultivated.  It  must  be  admitted,  however,  that  diphtheria  bacilli  found 
in  the  throats  of  individuals  where  strong  disinfectants  have  been  used,  as 
well  as  those  found  late  in  convalescence  from  the  disease,  do  often  show 
alterations  that  can  leave  no  doubt  as  to  their  being  in  a  state  of  degenera- 
tion, this  degeneration  being  doubtless  due  in  the  one  case  to  the  action  of 
the  germicide,  and  in  the  other  case  to  the  germicidal  activity  of  the  recover- 
ing tissues.  One  point  in  particular  to  which  Dr.  Wesbrook  has  made 
reference  I  think  of  importance,  and  that  is  occasional  finding  of  virulent 
diphtheria  bacilli  in  the  throats  of  healthy  individuals.  In  a  few  instances 
this  has  given  rise  to  doubt  as  to  the  etiology  of  this  organism  in  the  pro- 
duction of  the  disease,  but  this  is  a  one-sided  view  of  the  matter.  We  know 
that  a  specific,  pathogenic  organism  is  not  capable  of  producing  disease 
under  all  conditions.  It  produces  disease  only  in  susceptible  species  and  in 
individuals  who  are  at  the  time  of  its  invasion  susceptible  to  its  pathogenic 
activities.  This  question  of  infection  cannot  be  viewed  from  one  side  alone  ; 
it  must  always  be  considered  from  the  stand-points  of  direct  causative  factor 
and  of  individual  invaded.  When  virulent  diphtheria  bacilli  are  present 
in  the  throat  of  a  well  individual  it  can  be  explained  in  only  one  way, 
namely,  that  at  the  time  that  individual  is  not  susceptible  to  its  action  ;  but 
from  the  public  health  stand-point  it  must  be  borne  in  mind  that  that  indi- 
vidual, as  well  as  convalescents  from  diphtheria,  and  individuals  suffering 
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from  very  mild  manifestations  of  the  disease,  are  a  very  grave  menace  to  the 
health  of  those  with  whom  they  come  in  contact,  for,  because  of  their  mild- 
ness, they  usually  escape  the  sanitary  control  that  they  would  otherwise 
receive.  In  consequence,  all  cases  of  this  kind  in  which  diphtheria  bacilli 
are  found  are  now  regarded  by  boards  of  health  as  subject  to  their  super- 
vision, and  while  this  ruling  unquestionably  causes  inconvenience  to  the 
individual,  still  it  is  for  the  benefit  of  the  public. 

Dr.  Park:  Such  bacilli  as  those  on  the  last  line,  with  their  typical  forms 
but  with  a  faint  and  even  stain,  I  have  never  met  in  pure  culture.  In  almost 
any  culture,  however,  some  having  these  characteristics  will  be  present.  I 
have  regarded  them  as  bacilli  which  have  passed  their  prime,  and  as,  there- 
fore, not  taking  up  the  stain  well.  In  the  diagnostic  examinations  at  the 
New  York  Health  Department  we  regard  any  culture  which  contains  only 
bacilli  of  the  form  G'^  as  having  pseudodiphtheria  bacilli  only,  and  as  giving 
no  more  reason  for  the  isolation  of  the  person  from  which  it  was  made  than  if  it- 
contained  cocci  only.  The  form  E'^  we  regard  as  suspicious  in  character,  and 
when  we  find  it  not  accompanied  with  more  characteristic  forms  we  either 
ask  for  another  culture  from  the  throat  or  plate  the  bacillus  out  and  test  it. 

Even  in  regard  to  bacilli  with  the  characteristic  form  of  the  upper  two 
rows,  we  never  can  absolutely  tell  in  any  given  case  whether  they  are  viru- 
lent or  not.  From  a  case  showing  characteristic  lesions  or  giving  a  history 
of  contact  with  a  true  case  of  diphtheria,  we  may  be  almost  certain  of  their 
virulence,  but  bacilli  of  the  same  characteristic  appearance  from  doubtful 
cases  should  be  tested  for  their  virulence,  whenever  they  persist  long  after 
convalescence.  We  tested  recently  such  bacilli  from  the  throat  of  the  wife 
of  a  Rochester  physician,  and  they  proved  not  to  be  virulent.  She  had  been 
isolated  and  her  house  placarded  for  three  months.  Numerous  similar  but 
less  striking  cases  could  be  noted.  These  bacilli  were  probably  non-virulent. 
In  our  experience  bacilli  which  at  the  beginning  were  virulent  continue 
virulent  so  long  as  they  remain  in  the  throat. 

The  presence  of  these  characteristic  bacilli  in  the  throat  secretions  of 
healthy  and  slightly  diseased  and  convalescent  persons  presents  a  condition 
which  at  the  present  time  is  beyond  our  powers  to  properly  handle.  These 
bacilli  undoubtedly  are  often  virulent,  and  when  they  are  communicated  to 
others  they  may  incite  disease,  and  yet  to  make  cultures  from  certain  throats 
and  because  we  find  the  bacilli,  to  insist  on  isolation  of  their  owners,  while 
we  purposely  avoid  making  cultures  from  throats  equally  liable  to  contain 
bacilli,  seems  hardly  fair.  We,  in  fact,  hardly  want  to  know  of  all  of  the 
throats  containing  virulent  bacilli,  since  we  fear  we  would  not  be  able  to 
enforce  isolation.  At  the  Foundling  Asylum,  where  in  the  past  diphtheria 
so  frequently  followed  measles,  they  now,  instead  of  making  cultures  regu- 
larly, immunize  every  case  with  antitoxin  so  soon  as  the  Koplik  spots  are 
noticed.  Since  this  practice  was  started  diphtheria  has  been  eliminated  as  a 
complication  of  measles. 
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Dr.  Wesbrook  :  In  attempting  to  summarize  this  paper  in  the  time  to 
which  I  felt  entitled,  owing  to  the  congested  condition  of  the  programme,  to 
give  clearly  in  a  few  words  its  salient  points,  has  been  impossible.  Had  time 
permitted  its  reading,  several  of  the  points  brought  forward  by  Drs.  Abbott 
and  Park  would  have  been  found  already  discussed.  As  I  stated  in  my 
attempted  synopsis,  the  basis  of  the  paper  is  the  morphology  of  the  diph- 
theria bacillus,  and  at  this  time  it  was  impossible  within  the  limits  of  the 
paper  to  go  into  the  cultural  characteristics  or  the  matter  of  virulence ;  and 
in  order  not  to  go  to  any  length  into  the  question  of  the  relation  of  the 
various  types  of  bacilli  to  public  health,  I  will  just  read  this  extract  from  the 
paper.  (Here  followed  the  reading  of  the  two  paragraphs  of  the  paper  "  Re- 
lation of  Cultural  to  Morphological  Peculiarities,"  and  "Pathogenesis  to 
Man  and  Animals  and  Quarantine  Regulations  in  Relation  to  Morpho- 
logical Types.") 

The  fact  that  the  types  have  been  selected  from  cultures  grown  for  the 
same  length  of  time  (eighteen  hours)  upon  the  same  medium,  and  that  obser- 
vations on  many  of  the  cultures  have  been  extended  for  a  number  of  years, 
would  seem  to  eliminate  the  possibility  of  one  type  being  simply  a  develop- 
mental stage  of  another  single  type. 

Dr.  Abbott's  suggestion  concerning  the  differences  between  the  past  and 
present  methods  of  preparing  culture  serum,  and  the  possibility  of  this  dif- 
ference being  effective  in  producing  previously  observed  types  cannot,  of 
course,  be  overlooked.  Our  serum,  however,  is  always  prepared  in  the  same 
way,  and  the  observations  in  any  series  are  made  upon  cultures  grown  on  one 
lot  of  serum — i.  e.,  prepared  on  the  same  day.  It  would  appear  then  that  the 
influence  of  environment  can  be  eliminated  in  the  production  of  variation  so 
far,  at  least,  as  any  one  series  of  observations  goes. 

In  answer  to  Dr.  Park's  skepticism  concerning  whether  certain  forms — 
(e.  g.,  A^  and  B'^)  if  met  with  in  purity — are  to  be  considered  as  diphtheria 
bacilli,  I  may  say  that  they  have  never  been  met  with  as  the  only  type 
present,  and  would  be  considered  diphtheria  bacilli  by  us  only  when  met 
with  as  variants  in  cultures  containing  other  and  more  commonly  recognized 
types. 

In  fact,  with  the  exception  of  perhaps  D'^  and  E^,  it  rarely  or  never  hap- 
pens that  we  obtain  any  type  without  admixture  of  other  types.  This,  of 
course,  complicates  the  matter  of  determining  the  pathogenic  properties  of 
any  given  type.  Pathogenesis  of  a  given  bacillus  for  a  guinea-pig,  or  lack  of 
it,  does  not  necessarily  serve  as  an  index  of  possible  virulence  for  the  human 
being,  although  unfortunately  it  is  the  only  test  we  have. 
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The  effect  which  injurious  agents,  especially  the  toxins  secreted  by 
bacteria,  produce  on  tissues  is  manifested  in  four  different  ways : 

1.  By  degeneration  or  necrosis  of  cells  ; 

2.  By  exudation  from  the  bloodvessels  ; 

3.  By  proliferation  of  cells  ;  and 

4.  By  phagocytosis ;  the  latter  term  is  used  here  to  mean  the  in- 
clusion and  digestion  of  certain  cells  by  other  cells. 

These  four  processes  may  occur  separately,  or  in  various  combinations 
and  proportions.  The  first  two  processes  are  generally  accepted  and 
taught.  It  is  in  reference  to  the  last  two,  proliferation  and  phagocy- 
tosis, that  I  wish  to  present  a  certain  amount  of  evidence  bearing  on 
the  character  of  the  cells  involved,  on  the  nature  of  the  toxins  which 
excite  the  processes,  on  the  duration  and  termination  of  the  lesions, 
and  on  the  relation  of  the  processes  to  repair. 

The  view  that  toxins  can  cause  various  cells  to  proliferate,  and  cer- 
tain cells  to  become  phagocytic  for  other  cells,  was  first  forcibly  called  to 
my  attention  by  a  histological  study  of  the  lesions  of  typhoid  fever  which 
I  published  in  1898.  Since  then  I  have  studied  these  processes  in 
various  diseases  in  nearly  a  thousand  autopsies  occurring  at  the  Boston 
City  Hospital  during  the  last  three  years. 

What  I  wish  to  show  is  that  strong  toxins  cause  degeneration  or 
necrosis  of  cells  and  exudation,  while  dilute  and  weak  toxins  produce 
proliferation  and  phagocytosis.  In  support  of  this  hypothesis  I  will 
cite  in  part  the  result  of  the  study  of  large  numbers  of  cases  of  certain 
diseases,  in  part  a  limited  number  of  typical  and  of  unusual  lesions. 

Certain  organisms,  such  as  the  staphylococcus  pyogenes  aureus  and 
the  bacillus  diphtherise,  produce  strong  toxins  which  act  quickly,  and 
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chiefly  locally  ;  the  efl*ect  on  the  tissues  is  to  produce  necrosis  and  exu- 
dation. Other  organisms,  such  as  the  bacillus  typhosus,  produce  mild 
toxins  which  act  slowly,  and  produce  proliferation  or  phagocytosis  or 
both.  The  stronger  toxins,  however,  can  produce  these  same  pro- 
cesses of  proliferation  and  phagocytosis  when  sufficiently  dilute. 

The  best  example  I  have  found  of  this  was  in  the  kidneys  of  a  girl, 
five  years  old,  who  died  after  four  days  from  an  acute  myositis  of  the 
right  thigh  due  to  the  staphylococcus  pyogenes  aureus.  The  autopsy 
was  made  one  hour  post-mortem.  The  femur  was  not  aff'ected. 
There  were  multiple  miliary  abscesses  in  the  lungs,  heart,  and  kidneys. 
In  the  kidneys  they  occurred  for  the  most  part  in  the  pyramids, 
especially  toward  the  bases.  Very  few  of  the  foci  were  softened; 
most  of  them  consisted  of  areas  of  necrosis  with  more  or  less*  infiltra- 
tion with  polynuclear  leucocytes.  Judged  by  inoculation  experiments 
in  rabbits,  the  lesions  were  not  over  forty-eight  hours  old. 

Many  of  the  lymphatics  adjoining  these  beginning  abscesses  and 
running  toward  the  bases  of  the  pyramids  were  dilated  and  filled  with 
numerous  large  phagocytic  cells,  together  with  a  few  lymphoid  and 
plasma  cells  and  polynuclear,  leucocytes.  The  inclusions  in  the  pha- 
gocytic cells  consisted  principally  of  polynuclear  leucocytes  and 
lymphoid  cells. 

Careful  study  of  these  lymphatics  showed  occasional  mitosis  of  the 
lining  endothelium,  and  much  more  frequently  migration  of  the  endo- 
thelial cells  through  the  walls  into  the  adjoining  connective  tissue. 
The  endothelial  cells  pass  through  the  wall  of  a  lymphatic  in  exactly 
the  same  way  that  the  polynuclear  leucocytes  do,  namely,  a  process 
of  the  nucleus  surrounded  by  a  minimum  of  protoplasm  pierces  the 
wall  first,  and  the  rest  of  the  nucleus  and  the  protoplasm  gradually 
follow.  After  the  endothelial  cells  contained  inclusions  they  still 
showed  the  changes  of  form  characteristic  of  amoeboid  motion,  but 
none  was  found  in  the  act  of  emigration. 

In  diphtheria  the  chief  lesions  are  focal  and  occur  for  the  most 
part  in  the  air-passages  in  the  immediate  vicinity  of  the  bacillus 
diphtheriae ;  but  there  are  other  lesions  due  to  the  diff'usion  of  a  small 
amount  of  the  toxin  through  the  blood  and  lymph  circulations.  The 
most  interesting  of  the  latter  are  found  in  the  lymph  nodules  of  the 
tonsils,  spleen,  and  gastro-intestinal  tract.  They  consist  of  a  mod- 
erate proliferation  of  the  cells  lining  the  reticulum.     This  proliferation 
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usually  occurs  in  the  centres  of  the  lymph  nodules,  but  sometimes  is 
diffuse  or  eccentric.  Even  more  marked  than  the  proliferation  is  the 
incorporation  of  the  lymphoid  cells  of  the  lymph  nodules  by  the  cells 
lining  the  reticulum  and  by  the  new  cells  formed  from  them.  Pha- 
gocytosis like  proliferation  usually  begins  in  the  centres  of  the  lymph 
nodules  and  spreads  peripherally,  but  may  occur  diffusely.  In  advanced 
lesions  all  or  nearly  all  of  the  lymphoid  cells  in  a  lymph  nodule  may 
be  destroyed.  In  such  cases  the  centre  of  a  lymph  nodule  shows  a 
clump  of  epithelioid  cells  with  the  protoplasm  more  or  less  fused  to- 
gether and  containing  no  inclusions,  because  all  of  the  incorporated 
cells  have  been  digested,  and  others  are  not  within  reach.  Toward 
the  periphery  phagocytic  cells  containing  partially  digested  cells  are 
found,  wliile  at  the  periphery  the  phagocytic  cells  are  stuffed  with 
lymphoid  cells  still  in  a  fair  state  of  preservation.  The  large  cells  in 
the  centres  of  the  lymph  nodules  sometimes  undergo  necrosis,  proba- 
bly in  consequence  of  lack  of  nutrition. 

This  brief  statement  of  the  proliferation  and  phagocytosis  occurring 
in  diphtheria  is  based  on  the  histological  study  of  220  cases  of  diph- 
theria, of  which  a  full  report  will  be  published  shortly  by  Councilman, 
Pearce  and  myself. 

Pratt  has  recently  shown  in  a  study  of  fifty  cases  of  acute  lobar 
pneumonia  that  the  micrococcus  lanceolatus  causes  marked  prolifera- 
tion of  the  cells  lining  the  alveoli,  the  pleural  cavities,  and  the  lym- 
phatics ;  these  newly-formed  cells  are  very  phagocytic,  incorporating 
and  digesting  polynuclear  leucocytes,  lymphoid  and  plasma  cells,  and 
red  blood-globules.  The  proliferation  is  more  marked  in  the  early 
and  in  the  late  stages  of  the  disease  than  in  the  middle  stage,  when  the 
exudation  of  polynuclear  leucocytes  is  abundant. 

The  acute  lesions  of  the  glomeruli  of  the  kidney  throw  much  light 
on  the  question  of  proliferation  due  to  bacterial  toxins.  The  organ- 
isms most  frequently  concerned  are  the  micrococcus  lanceolatus  and 
the  streptococcus  pyogenes.  The  primary  lesion  from  which  the  toxin 
escapes  into  the  circulation  is  often  an  acute  endocarditis  ;  or  the  toxin 
may  be  secreted  directly  in  the  circulating  blood  in  consequence  of  a 
septicaemia  only.  In  other  cases  the  primary  lesion  and  the  source 
of  the  toxin  are  more  remote  from  the  circulation.  The  lesions  pro- 
duced in  the  glomeruli  vary  from  necrosis  and  exudation  to  pure  pro- 
liferation. 
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The  toxin  secreted  by  the  micrococcus  lanceolatus  causes  prolifera- 
tion almost  exclusively  of  the  endothelial  cells  lining  the  capillaries 
of  the  glomeruli.  In  one  case  of  acute  endocarditis,  in  which  death 
occurred  at  the  end  of  four  weeks,  the  kidneys  showed  an  essentially 
pure  type  of  acute  proliferative  intracapillary  glomerulo-nephritis. 
Mitotic  figures  in  the  endothelial  cells  were  numerous ;  repeatedly 
two  were  found  in  one  section  of  a  single  glomerulus. 

With  the  streptococcus  pyogenes  the  lesion  produced  in  the  glome- 
ruli varies  greatly ;  sometimes  it  is  entirely  exudative,  at  other  times 
there  is  a  marked  proliferation  of  the  capsular  epithelium  or  of  the 
capillary  endothelium ;  proliferation  and  exudation  are  often  combined 
in  various  proportions. 

In  one  case  of  streptococcus  endocarditis  and  septicaemia  there  was 
marked  proliferation  of  the  capsular  epithelium  and  also  in  places  of 
the  epithelium  at  the  beginning  of  the  tubules ;  in  one  place  two 
mitotic  figures  in  the  tubular  epithelium  were  found  side  by  side. 
Many  mitoses  were  found  in  the  capsular  epithelium.  In  some  of 
the  capsular  spaces  there  was  a  little  fibrin  and  a  few  polynuclear 
leucocytes.  Occasionally  phagocytic  cells  were  found  within  the  cap- 
sular space ;  the  inclusions  consisted  of  polynuclear  leucocytes  and 
red  blood-globules. 

Certain  organisms,  such  as  the  typhoid  and  tubercle  bacilli,  produce 
mild  toxins  which  act  slowly  and  usually  produce  proliferation  only, 
but  under  certain  conditions,  especially  when  the  organisms  are  massed 
together  in  large  numbers,  the  toxins  may  be  concentrated  and  pro- 
duce necrosis  and  a  purulent  exudation. 

In  typhoid  feyer  a  mild  difiPusible  toxin  is  formed  which  causes 
great  proliferation  of  the  endothelial  cells  lining  the  lymphatics,  and 
the  reticulum  of  the  lymphoid  tissue  of  the  intestine  and  the  mesen- 
teric lymph  nodes ;  it  also  causes  proliferation  of  the  endothelial  cells 
lining  the  bloodvessels  of  the  intestine,  liver,  and  spleen  All  of  these 
newly-formed  cells  are  extremely  phagocytic  and  incorporate  lymphoid 
and  plasma  cells,  polynuclear  leucocytes,  and  red  blood- corpuscles. 
Phagocytic  cells  formed  within  the  bloodvessels  are  often  carried  by 
the  circulation  to  the  liver,  where  they  give  rise  to  miliary  infarctions 
by  blocking  up  the  capillaries.  In  the  spleen  the  phagocytic  cells 
may  occlude  the  blood  sinuses,  giving  rise  to  necroses. 

Occasionally,  and  almost  invariably  following  an  attack  of  typhoid 
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fever,  the  typhoid  bacillus  finds  suitable  conditions  for  abundant 
growth.  Under  these  circumstances  it  produces  a  marked  local  reac- 
tion, namely,  necrosis  and  purulent  exudation  like  the  more  virulent 
organisms  already  mentioned. 

The  tubercle  bacillus  produces  a  variety  of  lesions.  The  typical 
lesion  is,  of  course,  the  miliary  tubercle,  a  clump  of  epithelioid  cells 
produced  by  proliferation  from  endothelial  and  connective-tissue  cells. 
In  some  situations,  as  in  the  lungs,  epithelial  cells  may  also  take 
part  in  the  proliferation.  Giant  cells  may  or  may  not  be  formed. 
Ordinarily  these  epithelioid  cells  show  little  evidence  of  phagocytosis, 
but  in  certain  situations,  such  as  in  the  meninges  of  the  brain,  and  in 
the  lymphatics  of  lymph  nodes,  there  may  occur  a  very  extensive 
diffuse  proliferation  of  the  endothelial  cells  which  distend  the  lym- 
phatics widely  and  show  marked  phagocytic  properties ;  so  that  an 
early  diffuse  tuberculosis  of  a  bronchial  lymph  node  may  very  closely 
resemble  a  mesenteric  lymph  node  of  the  early,  hyperplastic  stage  of 
typhoid  fever. 

On  the  other  hand,  in  caseous  pneumonia  the  exudation  is  often  as 
marked  as  the  proliferation,  and  in  certain  rare  cases  the  tubercle 
bacillus  acts  like  the  pus  organisms  and  produces  a  purulent  exuda- 
tion. In  these  cases  the  organisms  are  present  in  great  numbers,  and 
the  toxin  is  probably  much  more  concentrated  than  usual. 

In  the  lesions  thus  far  considered,  proliferation  of  endothelial  cells 
has  played  a  very  important  part.  It  can  be  caused  apparently  by  a 
great  variety  of  toxins  j  several  examples  have  been  given.  This  pro- 
liferation always  takes  place  by  mitosis;  careful  search  of  fresh,  well- 
preserved  tissue  has  always  shown  enough  typical  mitotic  figures  to 
account  for  the  newly-formed  cells.  In  all  of  the  situations  in  which 
the  endothelium  proliferates,  except  the  glomeruli,  the  newly-formed 
cells  are  extremely  phagocytic.  They  incorporate  a  certain  definite 
group  of  cells,  namely,  polynuclear  leucocytes,  lymphoid  and  plasma 
cells,  and  red  blood-globules ;  they  never  incorporate  epithelial  or  other 
endothelial  cells.  The  included  cells  seem  normal  at  the  time  they 
are  taken  up;  occasionally  the  lymphoid  cells  have  been  in  mitosis. 
After  inclusion  for  a  time  in  the  phagocytic  cells  they  show  more  or 
less  evidence  of  degeneration;  the  nucleus  first  stains  intensely,  then 
dissolves  more  or  less  irregularly,  and  finally  disappears. 

The  kind  of  cells  which  a  phagocyte  incorporates  depends  on  its 
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situation  in  the  tissue ;  if  it  lies  in  lymphoid  tissue  it  takes  up  lym- 
phoid cells ;  if  in  a  blood  sinus  of  the  spleen  it  encloses  red  blood- 
globules,  often  a  dozen  or  more. 

In  acute  proliferative  intracapillary  glomerulo-nephritis  I  have  never 
been  able  to  find  any  evidence  of  phagocytosis. 

Phagocytic  cells  necessarily  have  the  power  of  amoeboid  motion, 
otherwise  they  could  not  incorporate  other  cells.  In  one  very  per- 
fectly preserved  case,  the  first  mentioned  in  this  paper,  the  young 
endothelial  cells  formed  by  proliferation  from  the  lining  endothelium 
of  the  lymphatics  were  found  actively  emigrating  from  the  vessels  into 
the  surrounding  tissue. 

Under  certain  circumstances  bacterial  toxins  cause  proliferation  also 
of  epithelial  cells.  This  is  shown  most  convincingly  in  cases  of  acute 
capsular  glomerulo-nephritis ;  mitotic  figures  are  easily  demonstrable 
and  are  often  comparatively  numerous.  Occasionally  the  more  highly 
differentiated  epithelial  cells  at  the  beginning  of  the  renal  tubules  also 
show  active  proliferation.  Rarely  these  new-formed  cells  in  the  cap- 
sular spaces  contain  inclusions,  usually  polynuclear  leucocytes  or  red 
blood-globules.  They  would  probably  contain  more  inclusions  if  the 
proper  cells  were  within  reach.  Proliferation  of  epithelium  also  takes 
place  in  pneumonia  in  the  alveoli  and  in  the  pleural  cavities ;  mitotic 
figures,  as  a  rule,  are  readily  found.  The  newly-formed  epithelial  cells 
are  desquamated  often  in  large  numbers  and  seem  as  phagocytic  as 
endothelial  cells,  which  they  resemble  in  every  way.  The  best  proof 
that  epithelial  cells  are  phagocytic  is  the  fact  that  they  often  can  be 
found  containing  cell  inclusions  while  they  still  are  attached  to  the 
walls  of  the  alveoli. 

It  is  to  be  noticed  that  the  epithelial  cells  which  have  been  demon- 
strated to  proliferate  and  to  become  phagocytic  under  the  action  of 
bacterial  toxins  are  all  cells  of  a  low,  undifferentiated  type ;  they  are 
flat  cells  which  resemble  endothelial  cells  and  probably  perform  much 
the  same  functions. 

There  are  two  situations  in  which  I  have  found  phagocytic  cells 
where  their  origin  is  less  easily  determined. 

In  one  end  of  the  left  kidney  of  a  very  young  child  who  died 
of  diphtheria  complicated  with  focal  pneumonia  and  suppuration  of 
both  middle  ears,  there  were  found  several  small  grayish  areas,  the 
largest  4  mm.  in  diameter,  running  from  the  papillae  of  the  pyra- 
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mids  into  the  cortex.  The  areas  were  rather  soft,  but  not  fluid ;  in 
places  small  hemorrhages  had  taken  place  into  them.  Unfortunately 
no  cultures  were  made  from  these  small  areas,  which  microscopically 
showed  an  acute  pyelonephritis.  The  tubules  in  the  pyramids  were 
dilated  and  filled  chiefly  with  phagocytic  cells ;  a  few  polynuclear 
leucocytes  were  present,  but  most  of  them  were  enclosed  within  the 
phagocytes.  In  the  connective  tissue  between  the  tubules  there  were 
many  phagocytic  cells  and  some  polynuclear  leucocytes,  lymphoid,  and 
plasma  cells.  In  the  cortex  the  areas  consisted  almost  entirely  of 
phagocytic  cells -lying  in  the  tubules  and  in  the  intertubular  tissue. 
In  some  places  all  evidence  of  tubules  had  disappeared  and  there  ex- 
isted large  areas  of  phagocytic  cells,  with  here  and  there  a  few  poly- 
nuclear leucocytes  and  lymphoid  and  plasma  cells  between  them. 

In  the  pyramids  many  of  the  phagocytic  cells  contained  large 
numbers  of  bacilli,  which  in  their  morphology  and  staining  reactions 
resembled  in  every  respect  the  colon  bacillus.  The  organisms  also 
occurred  to  some  extent  outside  of  the  cells ;  in  the  cortex  they  were 
m^uch  fewer  in  number  and  occurred  mostly  in  clumps* 

So  far  as  could  be  determined  from  a  study  of  the  sections  the  pha- 
gocytic cells  arose  entirely  in  the  intertubular  tissue.  Several  of 
them  were  found  immigrating  into  the  tubules,  having  passed  but  part 
way  through  the  basement  membrane.  They  were  also  often  present 
in  numbers  between  the  renal  cells  and  the  basement  membrane, 
apparently  having  pushed  the  cells  from  the  wall.  In  other  instances 
they  had  distended  the  lumina  of  the  tubules  and  flattened  the  epithe- 
lial cells. 

The  second  case  is  more  diflScult.  In  the  epididymis  of  an  actively 
functioning  testicle  removed  from  a  man,  seventy-two  years  old,  in 
consequence  of  hypertrophied  prostate,  there  were  found  great  numbers 
of  perfectly  formed  spermatozoa  and  also  numerous  huge  phagocytic 
cells  incorporating  and  digesting  the  spermatozoa  by  the  hundreds. 
These  phagocytic  cells  cannot  be  polynuclear  leucocytes,  because  the 
latter  are  never  phagocytic  for  other  cells.  They  can  be  only  epithe- 
lial or  endothelial  cells ;  the  latter  view  seems  the  more  probable 
because  it  is  difficult  to  conceive  of  the  rather  highly  differentiated 
epithelial  cells  lining  the  epididymis  being  transformed  into  phago- 
cytic cells.  .  , 
- -The  question  whether  bacterial  toxins  can  cause  connective- tissue 
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cells  to  proliferate  and  to  become  phagocytic  is  not  easy  to  demon- 
strate. The  best  evidence  is  furnished,  perhaps,  by  tuberculosis,  but 
it  is  not  conclusive.  It  is  easy  to  show  that  a  good  deal  of  connective 
tissue  reticulum  is  formed  between  the  epithelioid  cells  in  the  periphery 
of  a  miliary  tubercle  and  also  outside  of  the  tubercle ;  but  that  does 
not  prove  that  the  epithelioid  cells  have  produced  that  reticulum,  and 
therefore  necessarily  are  connective  tissue  cells.  Wherever  lymphoid 
and  plasma  cells  are  collected  in  numbers  a  reticulum  always  forms 
between  them.  In  the  more  chronic  forms  of  capsular  glomerulo- 
nephritis a  connective-tissue  reticulum  extends  in  from  the  capsule 
and  out  from  the  glomerular  tuft,  and  spreads  gradually  between  the 
epithelial  cells,  in  places  forming  a  sort  of  basement  membrane  on 
which  they  tend  to  arrange  themselves.  In  this  way  the  capsular  space 
is  often  divided  into  a  number  of  small  gland-like  cavities.  In  neither 
of  these  two  cases  is  it  possible  for  the  connective  tissue  reticulum  to 
have  been  produced  by  the  cells  which  lie  in  its  meshes.  The  reticu- 
lum seems  to  grow  in  between  the  cells,  because  there  is  a  physio- 
logical need  of  it. 

It  is  not  improbable  that  a  good  many  of  the  phagocytic  cells  in  the 
typhoid  lesions  of  the  intestine,  especially  in  the  muscular  coat,  are 
derived  from  the  connective-tissue  cells ;  but  it  is  not  easy  to  demon- 
strate it,  partly  because  endothelial  cells  occur  practically  everywhere, 
partly  because  the  connective-tissue  cell  away  from  the  intracellular 
substance  it  produces  possesses  no  very  definite  characteristics. 

In  connection  with  the  subject  of  this  paper  the  following  case 
is  of  interest  ; 

A  woman,  forty-eight  years  old,  with  alcoholic  history,  died  of  hypertrophic 
cirrhosis  after  symptoms  lasting  about  seven  months.  The  inner  surface  of 
the  bladder,  except  at  the  neck,  was  found  everywhere  studded  with  slightly 
elevated,  flattened,  grayish  to  yellowish-gray  nodules  of  a  rather  translucent 
appearance,  varying  in  size  from  1  mm.  to  2  cm.  in  diameter.  Only  occasion- 
ally were  the  edges  of  the  nodules  overhanging.  They  projected  from  1  to 
4  mm.  above  the  surface,  and  seemed  to  lie  wholly  within  the  mucous  mem- 
brane, as  they  were  freely  movable  over  the  underlying  muscle  tissue.  Two 
or  three  of  the  nodules  showed  alight  hemorrhages.  So  far  as  could  be  made 
out  the  nodules  were  not  j*ubdivided  into  papillae— i.  e  ,  they  did  not  present 
a  cauliflower  appearance.  The  mucous  membrane  over  the  nodules  was 
smooth  and  glistening. 

The  condition  was  diagnosticated  as  multiple  papilloraata  of  the  bladder. 

Microscopic  examination  of  the  nodules  after  the  fixation  of  the  tissue  in 
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Zenker's  fluid,  three  hours  post-mortem,  showed  that  they  were  due  to  col- 
lections of  large  phagocytic  cells  in  the  lymph  spaces  of  the  upper  part  of  the 
submucosa.  The  cells  were  always  most  abundant  just  beneath  the  epithe- 
lium; in  the  smaller  nodules  they  were  confined  to  this  situation,  but  in  the 
larger  nodules  they  extended  more  or  less  deeply  into  the  submucosa,  but 
never  so  far  as  to  reach  the  underlying  muscle  tissue. 

The  capillaries  and  larger  bloodvessels  in  the  nodules  were  more  or  less 
congested,  and  the  tissue  around  them  showed  marked  infiltration  with 
lymphoid  and  plasma  cells.  There  were  also  numerous  lymphoid  and  plasma 
cells  beneath  the  mucous  membrane  and  around  the  vessels  between  the 
nodules. 

The  epithelium  of  the  mucous  membrane  was  usually  well  preserved.  Over 
the  nodules  it  was  much  thinned,  and  in  places  was  reduced  to  a  single  layer 
of  cells,  or  was  even  missing. 

The  cells  in  the  nodules  varied  a  good  deal  in  size,  but  usually  were  very 
large  and  round,  polygonal  or  irregular  in  shape;  the  protoplasm,  as  a  rule, 
was  homogeneous  and  stained  rather  deeply  with  eosin.  The  nuclei,  usually 
single,  but  sometimes  two  in  number,  were  vascular  in  character,  round,  oval, 
or  irregular  in  shape  and  usually  eccentrically  situated. 

The  inclusions  in  these  large  cells  were  of  two  sorts,  bacteria  and  cells. 

The  bacteria  were  short  rods,  in  general  occurring  in  small,  closely  aggre- 
gated clumps  which  often  lay  within  vacuoles.  The  number  of  organisms  in 
a  clump  varied  from  half  a  dozen  to  dozens.  Some  cells  contained  as  many 
as  seven  or  eight  clumps  of  organisms.  Other  cells  contained  from  a  few  to 
hundreds  of  these  organisms  scattered  diffusely  in  the  protoplasm. 

The  bacteria  were  found  almost  entirely  within  the  phagocytic  cells ;  some 
of  them  stained  sharply,  others  faintly;  many  were  evidently  dead  and 
stained  faintly  or  deeply  with  eosin.  In  the  cells  where  the  organisms 
seemed  to  be  growing  most  rapidly  they  were  usually  shorter  and  plumper 
than  in  the  cells  which  contained  fewer  of  them.  Occasionally  short  chains 
of  two  to  four  members  were  found.  The  Gram  staining  method  gave  nega- 
tive results.  It  is  impossible,  of  course,  to  say  what  the  organism  is.  Mor- 
phologically and  tinctorially  it  belongs  to  the  colon  group. 

In  places,  especially  within  the  larger  nodules,  nearly  every  phagocytic 
cell  contained  organisms.  In  other  places  they  were  not  found  in  more  than 
one  cell  in  twenty.  They  were  always  more  numerous  near  the  surface  of 
the  nodules  than  in  the  deeper  portions. 

The  cells  included  in  the  phagocytes  were  chiefly  polynuclear  leucocytes 
and  lymphoid  cells.  Occasionally  red  blood-globules  were  incorporated. 
Most  of  the  inclusions  were  so  far  digested  that  their  nature  could  not  be 
made  out.  The  number  of  inclusions  in  a  cell  varied  greatly,  but  rarely  ex- 
ceeded four  or  five,  although  occasionally  there  were  over  a  dozen.  As  a 
rule,  the  inclusions  lay  within  vacuoles.  Within  the  protoplasm  of  many  of 
the  phagocytic  cells  were  small  hyaline  bodies  of  varying  size  stained  pink, 
and  lying  in  vacuoles.  Evidently  they  were  the  remains  of  incorporated 
cells.   Many  of  them  resembled  closely  the  inclusions  in  the  cells  of  carcinoma. 
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The  nature  of  these  phagocytic  cells  is  difficult  to  determine  absolutely. 
They  resemble  in  all  respects  the  phagocytic  cells  found  in  the  lesions  of 
typhoid  fever.  In  all  probability  they  are  endothelial  cells;  but  it  is  diffi- 
cult to  exclude  entirely  an  origin  from  connective-tissue  cells. 

Where  the  phagocytic  cells  were  numerous  very  little  evidence  of  connec- 
tive tissue  could  be  found.  At  the  bases  of  the  nodules  single  phagocytic 
cells  were  present  in  the  submucosa,  lying  apparently  in  spaces  between  the 
strands  of  fibrous  tissue.  The  inclusions  in  this  situation  consisted  chiefly  of 
hyaline,  often  concentrically  layered,  refractive,  spherical  bodies.  The  cells 
often  showed  forms  sugges^ted  of  amoeboid  motion.  They  seemed  to  lie  in 
lymph  spaces. 

Distinct  lymphatic  vessels  were  very  few  in  number ;  they  contained  pha- 
gocytic, lymphoid,  and  plasma  cells. 

In  the  mucous  membrane  covering  the  nodules  phagocytic  cells  were  often 
found,  sometimes  in  considerable  numbers,  between  the  epithelial  cells. 
They  probably  had  migrated  to  that  situation  from  the  underlying  tissue. 

Occasionally  in  some  of  the  nodules  there  were  small  collections  of  leuco- 
cytes, attracted,  so  far  as  could  be  made  out,  by  degeneration  of  phagocytic 
cells. 

It  seems  reasonable  to  conclude  that  these  tumor-like  nodules,  com- 
posed of  phagocytic  cells  lying  in  the  submucous  tissue  of  the  bladder, 
are  due  to  the  action  of  the  Organisms  found  in  such  large  numbers 
within  many  of  the  cells.  Certainly,  the  nodules  have  none  of  the 
characteristics  of  a  true  tumor-formation. 

So  far  I  have  considered  the  action  of  toxins  on  only  three  forms 
of  cells.     Their  action  on  three  other  forms  I  will  mention  briefly. 

The  great  increase  in  the  number  of  the  polynuclear  leucocytes  in 
the  blood  in  infection  with  certain  bacteria,  especially  the  pus  organ- 
isms, is  well  known.  The  leucocytosis  produced  is  of  diagnostic  im- 
portance ;  so  also  is  the  increase  in  the  number  of  eosinophils  in 
trichinosis. 

Of  greater  significance  in  this  connection  is  the  increase  of  lymphoid 
and  plasma  cells  which  takes  place  in  certain  cases  of  scarlet  fever 
and  diphtheria.  This  has  been  considered  at  length  by  Councilman 
in  his  paper  on  *' Acute  Interstitial  Nephritis."  The  cells  collect  in 
the  veins  of  the  pyramids  in  the  kidney ;  they  emigrate  from  the 
vessels  into  the  intertubular  tissue,  and  continue  to  proliferate  there ; 
by  their  numbers  they  interfere  with  the  function  of  the  kidney,  and 
may  cause  destruction  of  the  tubules.  The  process  in  some  respects 
closely  resembles  a  malignant  growth,  such  as  leukaemia  or  lympho- 
sarcoma. 
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The  tendency  of  the  cells  which  proliferate  under  the  action  of 
toxins  is  to  degenerate  and  disappear  as  soon  as  the  agent  to  which 
they  owe  their  existence  is  destroyed  or  is  neutralized.  The  best  ex- 
ample is  afforded,  perhaps,  by  the  resolution  which  takes  place  in  the 
hyperplastic  patches  of  Peyer  and  in  the  mesenteric  lymph  nodes  in 
typhoid  fever.  The  affected  tissues  quickly  recover  their  normal  ap- 
pearance. In  certain  situations  the  results  of  the  proliferation  are 
more  permanent  and  more  disastrous.  For  example,  the  renal  glome- 
ruli may  be  destroyed  partially  or  entirely  by  occlusion  of  the  capil- 
laries, or  by  the  formation  of  fibrous  tissue  in  the  capsular  spaces, 
and  be  converted  into  small,  contracted  masses  of  hyaline  connective 
tissue. 

The  processes  of  proliferation  and  phagocytosis  which  I  have  been 
describing  as  due  directly  to  the  action  of  toxins  are  regarded  gener- 
ally as  reparative  in  nature.  Similar  processes  certainly  occur  in 
repair.     Is  it  possible  to  differentiate  them  ? 

In  repair,  cells  proliferate  for  definite  purposes ;  epithelium  to  cover 
denuded  surfaces;  connective  tissue  and  lymph  endothelial  cells  to 
replace  losses  of  tissue  and  to  remove  foreign  bodies,  such  as  necrotic 
cells,  fibrin,  fat,  myelin,  etc. ;  blood  endothelium  to  form  new  blood- 
vessels for  the  nourishment  of  the  new  tissue. 

The  cells,  however,  which  proliferate  under  the  direct  action  of 
toxins,  multiply  greatly  in  excess  of  need,  and  show  a  lack  of  definite 
purpose ;  they  may  exert  some  more  or  less  beneficent  action  such  as 
possibly  the  production  of  antitoxins,  but  they  can  no  more  be  re- 
garded as  reparative  than  the  exudation  called  out  by  the  toxins ; 
both  may  work  infinite  harm. 

As  we  have  seen  in  the  cases  cited,  phagocytic  cells  may  block  up 
lymphatics  and  undergo  necrosis ;  they  may  be  carried  to  the  liver  as 
emboli,  blocking  up  the  capillaries  and  giving  rise  to  focal  necroses  of 
liver  cells  ;  they  may  enclose  and  destroy  the  lymphoid  cells  in  lymph 
nodules,  and  then  undergo  necrosis  themselves;  they  may  occlude 
the  veins  in  the  spleen,  giving  rise  to  infarctions ;  they  may  occlude 
the  capillaries  of  the  glomeruli  by  growth  within  the  vessels  or  by 
pressure  from  without ;  they  may  give  rise  to  tumor-like  formations. 
Lymphoid  and  plasma  cells  may  multiply  in  the  circulation,  and  may 
invade  and  multiply  in  the  kidney,  interfering  with  its  functions  and 
causing  its  destruction.     The  phagocytic  cells  are  phagocytic  beyond 
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all  bounds  of  necessity,  and  destroy  great  numbers  of  active,  useful 
cells. 

These  are  all  abnormal,  and  to  a  certain  degree  malignant  prop- 
erties. 


DISCUSSION. 


Dr.  Welch  :  I  have  been  greatly  interested  in  Dr.  Mallory's  paper.  His 
observations  relate  to  questions  of  fundamental  importance  in  pathological 
cytology,  and  are  based  upon  long  and  careful  studies.  Of  especial  interest 
are  Dr.  Mallory's  views  concerning  the  powers  of  toxins,  especially  when  of 
feeble  potency,  to  stimulate  cells  directly  by  proliferation.  He  is,  of  course, 
familiar  with  the  attacks  made  upon  this  doctrine  by  Weigert  and  his  pupils. 
As,  according  to  Weigert,  the  necessary  primary  damage  inflicted  by  so-called 
external  stimuli  upon  cells  may  be  of  a  subtle  and  not  readily  demonstrable 
character,  it  becomes  a  matter  of  great  difficulty  to  exclude  positively  the 
intervention  of  such  lesions  between  the  action  of  a  toxin  and  the  prolifera- 
tion of  cells.  Bui  even  if  this  be  admitted,  we  must  agree  with  Dr.  Mallory 
that  so  far  as  our  present  methods  of  observation  go,  it  appears  that  cells  may 
be  incited  by  external  agents  directly  to  growth  and  multiplication.  The 
observations  of  Professor  Loeb  upon  the  influence  of  chemical  substances, 
apart  from  spermatozoa,  in  stimulating  ova  to  segmentation  speak  also  in 
favor  of  Dr.  Mallory's  conclusions. 

The  interpretation  of  endothelial  and  other  large  cells  containing  leuco- 
cytes is  not  always  easy.  The  large  cell  may  be  devouring  the  leucocytes,  as 
described  by  Dr.  Mallory,  but  sometimes  the  leucocytes  are  attacking  and 
destroying  the  large  cells,  and  while  the  fate  of  one  or  the  other  type  of  cell 
may  be  decisive  as  to  the  nature  of  the  combat,  I  have  sometimes  found  diffi- 
culty in  deciding  which  of  the  cells  is  to  be  regarded  as  the  phagocyte. 


THE  PATHOLOGY  OF  ACID  INTOXICATIONS. 


By  C.  a.  HERTER,  M.D., 

OF  NEW  YORK. 


The  object  of  this  report  is  to  give  the  results  of  observations  made 
to  determine  what  are  some  of  the  conditions  of  disease  in  which 
organic  acids  are  present  in  pathological  quantities  in  the  urine  and, 
therefore,  in  the  blood ;  and,  further,  to  discuss  certain  points  con- 
nected with  the  toxic  effects  of  acids.  It  is  now  well  established  that 
in  the  case  of  diabetes  there  is  often  an  organic  acid  in  the  blood  in 
pathological  amounts,  and  it  was  thought  desirable  to  ascertain  whether 
this  might  not  be  so  in  other  states. 

The  inquiry  itself  was  suggested  by  the  fact  that  organic  acids  are 
normally  present  in  the  body,  and  that  it  is  easy  to  conceive  of  de- 
rangements arising  either  from  (a)  increased  formation  of  acids, 
(b)  diminished  combustion  of  acids,  or  (c)  both  together.  There  is 
also  the  possibility  that  organic  acids  may  be  formed  which  are  wholly 
foreign  to  the  organism  under  normal  conditions. 

The  method  of  inquiry  was  suggested  by  the  fact  that  free  acids  do 
not  occur  in  freshly  excreted  urine  except,  perhaps,  in  the  merest 
traces.  Acids  entering  the  blood  are  rapidly  neutralized  by  basic 
elements  and  only  the  salts  of  the  acids  pass  into  the  urine.  In  other 
words,  all  the  acid  radicals  in  the  urine,  whether  these  be  normal  or 
pathological,  are  there  in  union  with  basic  bodies. 

In  health  the  urine  contains  four  chief  acids  united  to  five  different 
bases.  Three  of  the  acids  are  inorganic  acids — namely,  HCl,  HgSO^, 
H3PO4;  one  of  them  is  organic — uric.  The  five  bases  are  Na,  K,  Ca, 
Mg,  and  NH3. 

If  we  determine  the  acid  radicals  of  the  acids  mentioned  and  express 
their  acid  values  in  terms  of  sodium,  we  find  that  these  acid  values 
very  nearly  neutralize  the  basic  values  of  the  five  bases,  expressed 
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likewise  in  terms  of  sodium.    In  other  words,  these  acids  and  bases  of 
the  normal  urine  neutralize  one  another  very  nearly. 

I  say  very  nearly^  because  the  acids  almost  always  show  a  moderate 
apparent  excess.  The  excess  of  acid  amounts  from  5  to  10  per  cent, 
of  the  total  acids.  This  excess  of  acid  is  independent  of  the  acid 
reaction  of  the  urine.  The  acid  reaction  depends  on  the  presence  of 
acid  salts,  and  these  are  taken  into  account  in  calculating  the  balance 
of  acids  and  bases.  But  as  the  acids  and  bases  of  the  normal  urine 
neutralize  one  another  in  the  sense  that  there  are  no  free  acids  or 
bases,  it  is  clear  that  some  unknown  organic  base  is  present,  united 
with  the  apparent  excess  in  acids.  What  this  base  is  we  do  not  know. 
It  has  been  suggested  that  it  is  creatinine. 

We  know  only  that  the  five  inorganic  bases  of  the  urine  do  not 
suffice  to  neutralize  the  acid  radicals.  It  should  thus  be  evident  that 
the  excess  in  bases  is  apparent  and  not  actual. 

On  considering  these  facts  it  becomes  clear  that  it  the  urine  should 
contain  organic  acids  other  than  uric  in  considerable  amount  they 
would  make  themselves  evident  in  balancing  the  acids  and  bases  by 
an  apparent  excess  in  bases.  An  experimental  example  will  show 
this  clearly. 

A  dog  weighing  50  pounds  was  given  large  doses  of  lactic  acid 
(55  gms.  per  day);  part  of  this  was  burned  in  the  body,  the  greater 
part  was  eliminated  in  the  urine  in  basic  union.  The  usual  bases  are 
therefore  apparently  in  excess  of  the  usual  acids,  thus  in  forty-eight 
hours'  urine:  bases,  34.56  gm.;  acids,  9.74  gm.  ;  apparent  excess  of 
bases,  24.87  gm.  (in  terms  of  sodium).  One  hundred  and  ten  gms.  of 
lactic  acid  correspond  to  30.018  gms.  of  sodium — i.  e.,  the  result  repre- 
sents nearly  100  gms.  of  lactic  acid  in  urine.  In  other  words,  an  ap- 
parent excess  of  bases  points  positively  to  the  presence  cf  an  acid 
which  is  neither  HCl,  nor  H2SO4,  nor  H3PO4,  nor  uric  acid — i.  e.,  it 
is  an  organic  acid  of  known  nature  in  this  case. 

This  method  of  detecting  the  presence  of  an  organic  acid  enables 
us  to  form  an  approximate  estimate  of  the  quantity  of  the  unknown 
acid.  It  gives  no  clue  to  the  nature  of  the  acid.  It  is  helpful,  how- 
ever, in  telling  us  how  much  of  any  suspected  acid  we  have  to 
account  for. 

This  method  was  employed  by  us  in  the  study  of  various  clinical 
conditions,  viz. : 
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1 .  Cases  of  dilatation  of  the  stomach  with  delayed  emptying. 

2.  Cases  of  the  classes  known  as  arthritis  deformans  and  rheuma- 

toid arthritis. 

3.  Cases  of  cirrhosis  of  the  liver. 

4.  Cases  of  acute  gastritis. 

5.  Cases  of  diabetes. 

The  following  experimental  conditions  were  also  studied : 
a.  Phosphorus  and  arsenical  poisoning. 
h,  Phlorhizia  poisoning. 

c.  Starvation. 

d.  Ansemia  from  bleeding. 

e.  Administrations  of  mineral  and  organic  acids. 

The  results  obtained  in  different  clinical  and  experimental  states 
will  be  discussed  before  the  significance  of  the  results  is  considered. 

Six  cases  of  dilatation  of  the  stomach  with  atony  and  seven  cases 
of  arthritis  deformans,  or  rheumatoid  arthritis,  were  studied.  In  each 
instance  the  bases  were  found  to  be  in  excess  of  the  acids.  Sometimes 
the  excess  is  very  small,  sometimes  it  amounts  to  0.7  gm.  of  sodium 
in  twenty-four  hours.  The  excess  of  bases,  indicating  the  presence 
of  an  organic  acid,  was  never  very  large  in  any  of  these  patients,  but 
was  a  constant  feature.  An  example  of  the  excess  of  bases  is  the 
following : 

Patient  with  arthritis  deformans  of  seven  years'  duration.  Twenty- 
four-hours'  urine  contained  : 


K,0  .        .    = 

1.3370 

SO3  (preformed) 

= 

0.9961 

Na^O         .    = 

3.9780 

SO3  (combined) 

= 

0.0388 

CaO  .        .    = 

0.1345 

PA  (bibasic) 

.    = 

0.6725 

MgO         .    = 

0.1861 

P2O5  (monobasic 

= 

0.1400 

N(NH3)   .    = 

0.9663 

01 

= 

3.8830 

Uric  acid 
Total  acids 

•■^= 

0.0868 

Total  bases  = 

6.6019  gms 

5.7747 

Excess  of  bases  =  0.7747  gm.  sodium. 


The  nature  of  the  organic  acid  discovered  to  be  present  in  these 
cases  is  at  present  unknown,  but  is  being  made  the  subject  of  special 
investigation. 

In  regard  to  cirrhosis  of  the  liver  it  was  found  that  while  an  excess 
of  bases  sometimes  is  found  in  these  cases  it  is  by  no  means  an  essen- 
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tial  accompaniment  of  the  disease.  It  is  in  cases  of  diabetes  that  the 
largest  excess  of  bases  has  been  observed.  An  excess  is  apparently  a 
regular  feature  of  diabetes,  but  the  preponderance  of  bases  is  greatest 
where  the  clinical  conditions  are  the  least  favorable.  In  coma  or  just 
before  coma  the  excess  in  bases  is  always  very  large.  An  example 
of  the  large  excess  in  bases  is  seen  in  the  following  figures,  which  are 
from  a  patient  with  diabetes  two  weeks  before  the  onset  of  coma. 
The  twenty-four-hours'  urine  contained  : 


K2O  .        .     =    2.0630 

SO3  (preformed)    . 

zz= 

0.6918 

Na^O         .     =    3.1460 

SO3  (combined)     . 

= 

0.0743 

CaO  .        .     =    0.7364 

P2O5  (bibasic) 

= 

0.7932 

MgO          .     =    0.1295 

P2O5  (monobasic)  . 

= 

0.1759 

NH3          .     =     2.8930 

Uric  acid 

= 

0.0182 

CI           .        .        . 
Total  acids 

=^ 

1.9652 

Total  bases  =  8.9679  gm. 

3.7184 

Bases  in  excess  =  5.2495. 

In  reference  to  poisoning  by  phosphorus,  arsenic,  and  phloridzin, 
it  was  found  that  there  is  no  necessary  excess  in  the  bases  of  the  urine 
in  these  conditions.  In  starvation  and  after  bleeding  the  normal  rela- 
tion of  acids  and  bases  in  the  urine  was  observed.  The  administration 
of  mineral  and  organic  acids  was  regularly  followed,  as  might  be 
expected,  by  an  increase  in  the  excretion  of  bases. 

The  Removal  of  Alkali  from  the  Body  by  Acids.  One  of 
the  most  important  effects  of  introducing  an  acid  into  the  organism 
relates  to  the  alkali  materials  of  the  body  and  the  alkalescence  of  the 
blood.  If  we  introduce  an  acid  into  the  body,  either  by  way  of  the 
digestive  tube  or  by  direct  infusion  of  a  weak  solution  into  the  blood 
in  a  quantity  consistent  with  the  continuance  of  life,  this  acid  acts  at 
once  on  the  alkali  present  in  the  blood  and  in  the  cells  which  the 
blood  nourishes.  A  prompt  neutralization  of  the  acid  occurs  which 
involves  the  appropriation  of  basic  elements.  The  most  important  of 
these  elements  is  the  sodium  of  the  sodium  carbonate  and  sodium 
phosphate,  which  are  the  chief  factors  in  maintaining  the  alkalescence 
of  the  blood.  This  supply  of  alkaline  reacting  alkali  (or  native  alkali) 
has  been  estimated  as  equivalent  to  180  mg.  NaOH  in  100  gms.  of 
blood.  The  values  are  lower  for  the  plasma,  and  probably  still  lower 
for  the  cells  of  the  body  generally.     If  we  estimate  this  total  ^'native 
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alkali ''  of  the  entire  body  at  125  mgs.  NaOH  for  each  100  gms.  (and 
this  is  a  maximum  estimate)  we  find  that  a  body  weighing  50  kg. 
would  possess  an  alkali  value  equivalent  to  62  gm.  NaOH. 

It  is  easy  to  see  that  this  relatively  small  quantity  of  alkali  would 
be  quickly  exhausted  by  a  persistent  acid  intoxication  involving  even 
the  formation  of  small  amounts  of  acids.  Thus  in  one  of  the  cases  of 
rheumatoid  arthritis  that  has  been  recorded  the  quantity  of  unknown 
acid  in  the  urine  is  frequently  equal  to  0.5  gms.  NaOH  per  day.  In 
a  case  of  diabetes  like  the  one  referred  to  the  quantity  of  alkali  re- 
quired to  neutralize  the  acid  would  completely  exhaust  the  native 
alkali  of  the  body  in  less  than  two  weeks,  if  such  a  thing  were  con- 
ceivable as  consistent  with  life.  But  as  patients  live  for  months  with 
such  a  large  excretion  of  organic  acid,  it  is  evident  that  there  must 
be  other  sources  of  alkali  for  the  neutralization  of  pathological  acids. 
One  naturally  thinks  of  the  fixed  alkali  of  the  tissues — that  is  to  say, 
the  calcium  and  phosphate  of  the  bones.  But  a  very  simple  calcula- 
tion shows  that  the  supply  of  this  fixed  alkali  would  suffice  to  neu- 
tralize only  a  small  amount  of  acid.  There  must  therefore  be  another 
and  more  permanent  source  of  alkali.  This  is  known  to  exist  in  the 
ammonia  which  is  constantly  being  formed  as  the  result  of  the  de- 
composition of  proteid  material. 

The  excretion  of  NH3  which  is  available  for  the  neutralization  of 
acid  is  derived  from  two  distinct  sources :  one  of  these  is  the  proteid 
metabolism  of  the  active  cells  of  the  body  generally ;  the  other  is  the 
decomposition  of  proteid  food. 

The  NH3  derived  from  the  general  proteid  metabolism  represents 
the  chief  normal  nitrogenous  product  of  cell  activity.  In  conditions 
of  health  this  NH3  unites  with  CO2  of  the  blood  to  form  ammonium 
carbonate.  Recent  experiments  show  that  in  the  liver  a  very  active 
conversion  of  NH3  into  urea  takes  place,  and  there  is  no  doubt  that 
the  liver  is  to  be  regarded  as  the  chief  but  not  exclusive  seat  of  urea 
formation.  The  NH3  derived  from  the  intestinal  contents  appears 
not  to  be  split  off  from  the  proteid  food  in  the  gut  as  the  result  of 
putrefaction,  but  is  thought  to  be  split  off  by  the  epithelial  cells  dur- 
ing the  absorption  of  peptones.  Whatever  may  be  the  seat  of  origin 
of  this  NH3,  it  is  clear  that  considerable  NH3  comes  from  proteid  food, 
for  on  a  meat  diet  the  blood  of  the  mesenteric  veins  contains  a  higher 
percentage  of  ammonia  than  the  blood  of  other  parts  of  the  body. 
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This  elementary  NH3  is  converted  into  urea  on  reaching  the  liver.  I 
shall  presently  mention  the  evidence  which  appears  to  me  to  indicate 
that  this  alimentary  ammonia  may  be  utilized,  like  the  metabolic 
ammonia,  to  neutralize  acids. 

In  a  state  of  health  the  NH3  derived  from  both  these  sources  is  in 
very  large  part  utilized  by  the  formation  of  urea.  Hence,  in  the 
urine  we  find  that  the  N  of  NH3  is  equal  to  only  about  1  to  5  per 
cent,  of  the  total  N  of  the  urine.  The.  absolute  amount  of  NH3  in 
the  urine  does  not  amount  to  more  than  0.5  to  1.5  gm.  in  twenty- 
four  hours  in  an  adult  person. 

One  would  naturally  infer  that  if  a  portion  of  the  NH3  which 
normally  goes  to  the  formation  of  urea  should  be  diverted  for  the 
utilization  of  an  organic  or  other  acid  the  urine  would  contain  an 
excessive  amount  of  NH3.  This  is  in  fact  the  case.  Clinically  the 
largest  excesses  of  NH3  in  the  urine  are  observed  in  diabetes  and  in 
cases  of  phosphorus-poisoning. 

In  diabetes  the  daily  quantity  of  NH3  excreted  sometimes  amounts 
to  8  or  10  gms.,  a  really  enormous  output.  If  we  estimate  the  quan- 
tity of  NH3  normally  excreted  at  1  gm.  per  day  this  leaves  from  7  to 
9  gms.  available  for  neutralization  of  acid.  In  the  case  of  diabetic 
coma  the  organic  acid  is  chiefly  /3-oxybutyric  acid,  and  7  gms.  of 
NH3  will  neutralize  about  50  gms.  of  /^-oxybutyric  acid. 

The  percentage  of  N  of  NH3  often  reaches  very  high  figures.  Thus 
in  phosphorus  poisoning  it  has  been  known  to  amount  to  over  30  per 
cent,  of  the  total  N.  In  one  of  our  cases  of  diabetes  the  NH3  amounts 
to  20  per  cent,  of  the  total  N.  In  the  case  of  one  dog  fed  on  lactic 
acid  the  N  of  NH3  reached  32  per  cent,  on  one  occasion.  These  are, 
of  course,  exceptionally  high  figures. 

In  the  slighter  grades  of  poisoning  by  acids  it  is  not  always  easy  to 
say  whether  we  have  or  have  not  an  excess  of  N  of  NH3  in  the  urine. 
This  is  because  it  is  often  difficult  to  determine  how  much  N  of  NII3 
a  patient  should  normally  have  in  the  urine  on  a  given  diet.  We  are 
justified  in  concluding,  from  an  examination  of  the  results  in  many 
cases  of  slight  acid  intoxication,  that  neither  the  percentage  nor 
absolute  amount  of  N  of  NH3  gives  us  a  reliable  index  of  the  quan- 
tity of  pathological  organic  acids  in  the  urine.  A  good  example  of  this 
is  seen  in  our  second  case  of  dilatation  of  the  stomach.  On  November 
9,  1899,  this  patient's  urine  showed  only  0.1521  gm.  of  NH3  in 
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twenty-four  hours,  a  percentage  of  0.33.  This  amount  of  NHg  is  well 
within  the  limits  of  the  normal,  and  it  is  far  short  of  the  quantity 
required  to  neutralize  the  excess  of  bases  present — namely,  1.65  gms. 
for  the  twenty-four  hours. 

On  the  other  hand,  we  have  sometimes  met  with  cases  where  the 
N  of  NH3  was  above  the  usual  in  percentage,  but  in  which  the  rela- 
tion between  acids  and  bases  was  normal.  The  explanation  of  such 
findings  is  not  yet  clear,  but  the  presumption  is  that  this  N  of  NH3 
comes  from  proteid  food. 

There  is  still  another  point  to  be  noted  about  the  rise  of  the  N  of 
NH3  as  an  index  of  the  degree  of  intoxication.  There  appears  to  be 
a  limit  to  the  proportion  of  the  total  NH3  formed  in  the  body  which 
can  be  utilized  for  the  neutralization  of  acid.  We  do  not  know  of  any 
reliable  records  which  show  more  than  30  to  40  per  cent,  of  N  of 
NH3  in  the  urine  as  the  result  of  acid  poisoning.  The  important 
thing  to  observe  is  that  when  the  NH3  reaches  a  high  percentage,  but 
still  fails  to  neutralize  the  acid,  the  other  alkali  reserves  of  the  body 
are  called  into  use.  First  in  importance  is  the  alkaline  sodium  of  the 
plasma.  The  sodium  carbonate  is  decomposed  by  the  acid,  with  liber- 
ation of  CO2,  which  doubtless  finds  a  ready  escape  through  the  lungs. 
The  basic  element  is  thus  robbed  from  the  blood  for  the  neutralization 
of  acid.  If  the  demand  for  the  sodium  carbonate  of  the  blood  is  large 
there  is  soon  a  reduction  in  the  alkalescence  of  the  blood  that  is 
incompatible  with  the  maintenance  of  life.  Potassium  may  be  simi- 
larly withdrawn. 

Thus  it  seems  evident  that  while  under  some  circumstances  the 
amount  of  NH3  in  the  urine  is  a  reliable  index  to  the  quantity  of  acid 
that  is  daily  being  excreted  there  are  important  exceptions  to  this  rule. 
From  what  has  been  already  said  it  can  be  inferred  that  the  balancing 
of  acids  and  bases  in  the  manner  employed  by  us  in  studying  our  cases 
of  dilatation  of  the  stomach,  etc.,  is  the  only  satisfactory  way  we  pos- 
sess of  estimating  the  daily  output  of  acid,  and  is  greatly  to  be  pre- 
ferred to  the  simple  determination  of  the  NH3  of  the  urine.  Similarly 
in  many  cases  of  diabetes  the  NH3  content  of  the  urine  taken  by 
itself  would  cause  us  to  underestimate,  often  considerably,  the  quan- 
tity of  acid  excreted.  Here,  again,  the  balancing  of  the  acids  and 
bases  enables  us  to  determine,  probably  with  great  accuracy,  the  amount 
of  acid  that  is  being  eliminated. 
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Excretion  of  Calcium  and  Magnesium  in  Intoxication  by 
Acids.  Ammonium  and  the  alkali  metals,  especially  sodium,  have 
been  referred  to  as  serving  the  important  purpose  of  removing  acid 
from  the  organism  after  eifecting  its  neutralization.  There  is  good 
evidence  that  under  some  conditions  the  alkali  earth  metals  (calcium 
and  magnesium)  are  called  upon  to  perform  a  similar  protective  func- 
tion. It  is  unlikely  that  the  acid  acts  directly  on  the  fixed  alkali  of 
the  bones,  which  are  the  main  seat  of  the  calcium  and  magnesium  of 
the  body.  Probably  the  acid  acts  on  the  small  amount  of  calcium  and 
magnesium  compounds  in  the  blood,  and  the  fixed  alkali  of  the  bones  is 
then  taxed  to  replace  the  bases  taken  from  the  blood,  in  order  to  main- 
tain an  approximately  normal  percentage  of  these  important  elements. 

The  recent  studies  of  Gerhardt  and  Schlesinger  leave  no  doubt  that 
the  increased  output  of  calcium,  which  has  for  some  time  been  recog- 
nized as  occurring  in  diabetes,  is  the  result  of  the  acid  intoxication 
which  exists  in  this  disease.  This  is  clearly  indicated  by  the  fact  that 
the  internal  use  of  sodium  bicarbonate  for  the  protection  of  the  cal- 
cium of  the  body  is  followed  by  a  distinct  reduction  in  the  calcium 
output.  In  one  of  Gerhardt's  and  Schlesinger's  patients  the  CaO 
amounted  to  1.182  gms.  in  twenty-four  hours — a  quantity  many 
times  in  excess  of  the  normal.  In  this  patient  the  ammonia  was 
6.78  gms.  during  the  corresponding  period. 

In  one  of  our  diabetic  patients  the  CaO  equalled  0.98  gm. — a  dis- 
tinctly excessive  amount.  During  the  same  twenty-four  hours  the 
p^^tient  excreted  1.89  gms.  of  NHg,  and  the  N  of  the  NHg  reached 
20  per  cent. 

In  a  dog  which  Dr.  Baldwin  was  studying  in  our  laboratory,  and 
which  was  taking  60  gms.  of  commercial  lactic  acid  per  day,  there  ap- 
peared to  be  a  distinct  increase  both  in  calcium  and  magnesium  in  the 
urine.  The  N  of  NH3  was  32  per  cent,  in  this  case,  the  bases  were 
34.56  gms.,  while  the  acids  were  only  9*74  gms.,  showing  the  removal 
of  an  amount  of  acid  equivalent  to  24.8  gms.  of  sodium.  Thus  it  is 
lik^y  that  lactic  acid  is  capable  of  removing  calcium  as  effectively  as 
is  /9-oxybutyric  acid. 

There  is  no  reason  to  doubt  that  the  pei*sistent  withdrawal  of  exces- 
sive amounts  of  calcium  from  the  body  leads  in  time  to  a  deprivation 
of  the  bones  in  calcium  salts.  I  do  not  know  whether  such  a  condi- 
tion has  been  demonstrated  in  diabetes,  but  think  its  occurrence  might 
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safely  be  predicted.  The  magnesium  of  the  organism  appears  to  suffer 
absolutely  less  than  the  calcium,  but  whether  it  suffers  relatively  less 
is  not  clear. 

Enough  has  now  been  said  to  illustrate  the  fact  that  an  immediate 
and  important  consequence  of  the  introduction  of  acids  into  the  organ- 
ism is  a  withdrawal  of  alkali  from  the  body  which  is  proportionate  to 
the  amount  of  acid  requiring  neutralization.  The  chief  alkali  con- 
cerned with  this  elimination  of  acid  is  ammonia;  but  under  some 
circumstances  the  sodium  of  the  blood  and  the  calcium  of  the  bones 
may  also  be  significant.  The  constant  formation  of  ammonia  by  the 
tissues  enables  the  organism  to  remove  a  large  amount  of  acid  daily, 
during  a  long  period,  without  damaging  the  organism  in  any  way  that 
is  apparent.  Organisms  which  are  unable  to  offer  large  amounts  of 
NH3  (owing  to  herbivorous  habits)  succumb  to  relatively  small  amounts 
of  acid.  This  is  the  case  with  rabbits.  When  the  sodium  of  the 
blood  is  regularly  called  into  requisition  a  grave  danger  threatens 
the  subject  of  an  acid  intoxication — namely,  the  danger  attending  a 
considerable  reduction  in  the  alkalescence  of  the  blood.  Especial 
reference  will  elsewhere  be  made  to  this  effect  in  the  blood. 

Effect  of  Administering  Alkali  on  the  Excretion  of  NH3 
AND  Ca.  It  is  a  fact  of  much  physiological  interest  and  of  consider- 
able practical  importance  that  the  administration  of  alkali  is  capable 
of  greatly  modifying  the  ammonium  excretion  of  the  organism.  It  is 
probably  true  that  in  any  condition  attended  by  an  excessive  output 
of  NH3  the  use  of  alkaline  salts  of  sodium  or  potassium  is  followed  by 
a  reduction  in  the  output  of  ammonia.  The  explanation  of  that  phe- 
nomenon is  simple.  If  we  give  sodium  carbonate  by  the  mouth  the 
salt  is  absorbed  and  serves  to  neutralize  the  excess  of  acid  that  is 
being  accumulated  in  the  organism.  Carbonic  acid,  being  diffusible, 
finds  a  ready  escape  by  the  lungs  on  being  replaced  by  the  patho- 
logical acid.  The  sodium  salt  of  this  acid  is  formed  and  there  is  no 
longer  the  same  occasion  for  the  diversion  of  ammonia.  Thus  the 
ammonia  which  would  ordinarily  be  employed  in  the  neutralization 
of  the  acid  is  converted,  as  in  health,  into  urea. 

The  condition  in  which  the  effect  of  alkali  administration  has  been 
most  carefully  studied  is  diabetes.  There  are  numerous  observations 
in  which  a  reduction  of  ammonia  has  followed  large  doses  of  sodium 
bicarbonate  or  carbonate. 
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The  influence  of  alkali  given  by  the  mouth  is  not  limited  to  the 
replacement  of  ammonia.  Recent  observations  on  the  output  of  cal- 
cium and  magnesium  in  diabetes  show  very  clearly  that  the  excessive 
calcium  loss  is  immediately  checked  by  the  use  of  considerable  doses 
of  sodium  carbonate. 

The  fact  that  alkalies  introduced  into  the  organism  are  capable  of 
replacing  or  supplementing  the  alkali  resources  of  the  body  has  been 
made  the  basis  of  therapeutic  measures.  It  has  been  shown  that  rab- 
bits poisoned  by  doses  of  acid  that  would  ordinarily  prove  fatal  quickly 
recover  when  treated  with  suitable  doses  of  alkaline  salts.  In  man  the 
only  observations  relate  to  diabetic  coma.  It  is  essential  to  under- 
stand that  here  we  have  conditions  very  diiferent  from  any  which  we 
can  induce  by  experimental  means  through  the  use  of  acids.  Any 
acid  introduced  for  experimental  purposes  into  an  animal  in  an  amount 
compatible  with  the  maintenance  of  life  can  be  promptly  neutralized 
in  large  measure  by  the  use  of  alkalies,  but  in  diabetic  coma  the 
intoxicating  acid,  /9-oxybutyric  acid,  continues  to  be  formed  in  con- 
siderable amounts  as  long  as  the  patient  lives.  Hence,  we  no  sooner 
introduce  the  quantity  of  alkali  necessary  to  bring  the  alkalescence  of 
the  blood  back  to  its  normal  grade  than  this  alkalescence  begins  to  fall 
again  in  consequence  of  the  continued  production  of  acid.  It  is  thus 
not  surprising  that  in  the  majority  of  cases  of  diabetic  coma  the 
treatment  by  alkalies  has  failed.  In  a  few  cases,  however,  reported 
by  Minkowski,  Naunyn,  Zinn,  and  Magnus-Levy,  life  has  been  pro- 
longed. There  are  altogether  six  recorded  cases  of  diabetic  coma  in 
which  the  free  use  of  alkali  by  infusion  and  by  the  stomach  has  been 
followed  by  at  least  temporary  recovery  from  the  coma.  It  is,  of 
course,  desirable  to  realize  clearly  that  any  therapeutic  measures 
based  on  the  ability  to  neutralize  acid  by  means  of  alkali  must  be 
regarded  merely  as  temporary  expedients.  This  is  not  true  merely 
of  diabetes,  but  of  all  states  in  which  the  organism  is  overloaded  with 
an  organic  acid.  Any  rational  therapeutics  designed  to  give  perma- 
nent results  must  contemplate  either  the  diminished  formation  of  the 
acid  or  acids  concerned  with  the  intoxication,  or  an  increased  com- 
bustion of  the  acid,  or  both  results  together. 

It  is  not  quite  clear  how  good  can  be  accomplished  by  the  alkali 
treatment  of  all  acid  intoxications.  It  is,  of  course,  of  great  im- 
portance to  restore  the  alkalescence  of  the  blood  whenever  this  is 
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markedly  reduced  as  in  diabetic  coma.  We  can  do  this  by  replacing 
the  lost  sodium  of  the  blood  by  means  of  a  sodium  salt  such  as  sodium 
bicarbonate.  We  can  probably  also  replace  the  lost  calcium  of  the 
body  in  an  indirect  way — namely,  by  preventing  further  calcium  losses 
and  by  preventing  the  diversion  of  calcium  taken  with  the  food.  But 
supposing  these  ends  have  been  accomplished,  the  question  arises,  Is 
there  any  object  in  reducing  an  excessive  output  of  NH3,  when  this  is 
present,  by  means  of  sodium  salts  ?  It  is  by  no  means  clear  that  an 
increased  output  of  NH3,  due  to  acid,  is  evidence  of  even  a  slight 
reduction  in  the  alkalescence  of  the  blood.  The  administration  of 
sodium  salts  would,  perhaps,  have  the  advantage  of  postponing  threat- 
ened coma.  There  are,  however,  instances  like  those  we  have  men- 
tioned, of  a  slighter  clinical  disturbance,  attended  with  the  excretion 
of  unknown  organic  acids,  such  cases,  for  example,  as  those  of  arthritis 
deformans.  Here  there  is  no  question  of  coma.  In  the  few  instances 
in  which  alkali  has  been  used  by  us  no  improvement  has  been  noted 
in  the  clinical  conditions,  and  it  certainly  appears  an  open  question 
whether  we  can  expect  to  gain  anything  by  reducing  a  possible  slight 
excess  in  NH3  output  by  means  of  alkalies.  In  these  cases  of  acidosis 
(as  we  may  call  the  slight  grades  of  acid  intoxication)  there  is  probably 
an  abundant  supply  of  NH3  for  the  neutralization  of  the  acid,  and  it 
is  still  uncertain  whether  there  is  any  advantage  in  replacing  this  base 
by  one  of  our  own  choosing. 

The  Acids  Concerned  in  Acid  Intoxication  and  the  Action 
OP  Individual  Acids.  The  nature  of  the  acids  concerned  in  cases 
of  acid  intoxication,  including  the  slighter  cases  which  we  may  call 
acidosis^  is  of  the  greatest  interest,  and  the  character  of  these  acids 
may  be  expected  to  give  us  a  clue  to  their  origin  in  the  organism. 
One  cannot  evade  the  conviction  that  such  knowledge  must  precede 
any  truly  rational  efforts  to  modify  such  intoxications  as  those  under 
consideration.  At  the  present  time  we  know  almost  nothing  of  the 
chemical  characters  or  origins  of  the  acids  concerned,  excepting  the 
recently  acquired  information  relative  to  /9-oxybutyric  acid.  We  can 
review  very  briefly  what  little  there  is  to  say  of  the  individual  acids 
which  may  be  looked  upon  with  suspicion  as  agents  in  producing 
intoxication. 

Volatile  Fatty  Acids.  These  are  the  monobasic  acids,  formic,  acetic, 
propionic,  butyric,  and  valerianic.     These  acids  have  been  found  in 
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small  amounts  in  the  urine  in  various  pathological  conditions,  but  only 
in  small  quantities.  It  is  well  known  that  the  volatile  fatty  acids  are 
greatly  increased  during  the  alkaline  decomposition  of  the  urine  ;  it  is 
less  well  known  that  urine  free  from  such  acids  when  fresh  may  soon 
develop  them  without  becoming  alkaline  in  reaction.  This  fact  leads 
me  to  look  with  suspicion  on  much  of  the  work  that  has  been  done  on 
the  fatty  acids  in  the  urine.  Although  some  of  this  work  may  be 
reliable  it  is  not  easy  to  say  which  this  is.  We  have  had  to  throw 
out  what  seemed  interesting  results  on  the  fatty  acids  in  the  urine 
from  a  patient  with  dilatation  of  the  stomach,  and  in  whom  fatty 
acids  were  abundant  in  the  gastric  contents.  In  one  case  in  our 
series  of  arthritis  deformans  patients  the  fatty  acids  were  much  less  in 
amount  than  would  account  for  the  excess  of  bases.  This  was  also 
the  case  in  a  patient  with  dilatation  of  the  stomach  and  pyloric 
stenosis. 

It  is  certain  that  the  volatile  fatty  acids  deserve  to  be  newly  studied 
in  urine  so  fresh  as  to  exclude  the  possibility  of  acid  formation  either 
outside  the  body  or  in  the  bladder.  The  increase  in  these  acids 
found  in  fever,  in  leukaemia  and  in  hepatic  disease  should  be  especially 
studied. 

One  is  perhaps  tempted  to  imagine  that  excessive  carbohydrate 
fermentation  in  the  stomach  in  cases  of  dilatation  would  be  followed 
by  the  absorption  and  excretion  of  fatty  acids.  It  must  be  remem- 
bered, however,  that  the  lower  acids  of  the  hydrocarbon  series  are 
readily  oxidized  and  that  we  have  no  good  or  proven  grounds  for 
expecting  them  to  pass  into  the  urine  unless  they  are  formed  in  con- 
siderable amount. 

We  have  made  some  experiments  in  feeding  animals  with  certain 
fatty  acids  which  are  not  without  interest.  The  injection  of  acetic 
acid  directly  into  the  blood  in  a  dog  was  followed  by  the  appearance 
of  acetates  and  of  an  apparent  excess  of  bases  in  the  urine.  A  pig 
which  was  fed  very  large  doses  of  acetic  acid  during  many  months 
grew  very  fat,  and  at  autopsy  showed  an  abundance  of  fat  with  a  lower 
melting-point  than  the  normal  pig's  fat.  Acetates  and  formates  ap- 
peared in  the  urine,  but  not  in  large  amount,  and  very  little  acetic 
acid  found  its  way  into  the  feces.  As  the  animal  took  an  amount  of 
acid  equivalent  to  50-100  grammes  glacial  acetic  acid  daily,  there  is 
no  reason  to  doubt  that  the  organism  oxidized  the  greater  part  of  the 
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acetic  acid,  much  as  it  oxidizes  alcohol.  We  have  also  fed  two  dogs 
on  butyric  acid,  but  have  not  yet  finished  the  observations.  Butyric 
acid  is  apparently  a  greater  irritant  to  the  gastro-enteric  tract  than 
acetic  acid  and  induces  diarrhoea  readily. 

It  is  probably  fair  to  infer  that  the  lower  fatty  acids,  when  absorbed 
from  the  digestive  tract,  are  largely  burned  in  the  organism  and  are 
not  largely  concerned  in  producing  states  of  acidosis  or  acid  intoxi- 
cation. 

Lactic  Acid.  The  relation  of  lactic  acid  to  acid  intoxication  is  a 
matter  of  much  interest,  since  lactic  acid  is  known  to  be  produced  in 
the  organism  in  health,  and  has  been  held  responsible  by  theorizers 
for  many  different  states  of  disease.  Two  kinds  of  lactic  acid  are  well 
recognized :  first,  the  fermentative  lactic  acid,  which  is  optically  inac- 
tive and  crystallizes  with  18.18  per  cent.  HgO  ;  and,  second,  the  sarco- 
lactic  acid,  which  rotates  to  the  right  and  crystallizes  with  12.9  per 
cent.  HgO.  The  inactive  acid  is  considered  to  result  from  a  union  of 
the  levorotary  and  the  dextrorotary  acid.  Both  acids  are  formed  in 
normal  conditions.  Fermentative  lactic  acid  is  produced  from  carbo- 
hydrates in  the  course  of  digestion.  Sarcolactic  acid  is  produced 
probably  by  the  liver  and  muscle,  but  whether  from  proteid  or  not  is 
still  unsettled.  The  occurrence  of  sarcolactic  acid  in  the  blood  in 
health  has  been  doubted,  but  the  recent  experiments  of  Morishema 
appear  to  leave  no  room  for  questioning  the  constant  presence  of  lactic 
acid  in  the  blood,  in  the  liver,  in  the  kidneys  and  in  the  intestinal 
walls.  The  acid  thus  formed  must  be  burned  in  the  body,  for  it  does 
not  find  its  way  into  the  urine. 

It  is  reasonable  to  suppose  that  there  may  be  conditions  of  disease 
in  which  sarcolactic  acid  is  either  formed  in  excess  or  imperfectly 
burned.  We  know  so  little  at  present  of  the  physiological  conditions 
attending  the  formation  and  consumption  of  lactic  acid  that  speculation 
as  to  the  processes  in  disease  are  useless.  We  do  know  the  following 
facts : 

First.  The  removal  of  the  liver  in  ducks  and  geese  is  followed  by 
the  appearance  of  an  abundance  of  sarcolactic  acid  in  the  urine,  united 
to  ammonia.  This  was  shown  by  Minkowski  and  points  to  impaired 
combustion  of  lactic  acid  due  to  failure  in  hepatic  function.  Second. 
Phosphorus-poisoning  in  dogs  and  in  man  is  often  followed  by  the 
appearance  of  lactic  acid  in  the  urine  united  to  ammonia.     It  is  be- 
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lieved  that  in  phosphorus-poisoning  we  have  an  acid  intoxication  from 
lactic  acid.  The  careful  work  of  Mlinzer,  who  studied  a  series  of 
suicidal  cases  in  discouraged  Austrian  prostitutes,  shows  that  lactic 
acid  cannot  always  be  found  in  the  urine  of  phosphorus-poisoning. 
In  one  of  our  dogs  the  urine  contained  no  excess  of  ammonia,  and  no 
lactic  acid  could  be  found,  although  leucin  was  abundant  and  the 
dog  lived  several  days  after  the  administration  of  the  first  dose  of 
phosphorus.  The  subject  seems  to  call  for  further  study.  Third. 
Morishema  found  a  moderate  increase  in  lactic  acid  in  the  blood  after 
arsenical  poisoning ;  but  more  work  needs  to  be  done  before  we  can 
entertain  the  view  that  a  lactic-acid  intoxication  is  a  feature  of 
arsenical  poisoning. 

In  one  of  our  arthritic  cases  with  an  excess  of  bases  no  lactic  acid 
could  be  found. 

One  feels  on  reviewing  the  subject  that  there  is  still  considerable  to 
be  done  in  the  study  of  the  possible  relation  of  lactic  acid  to  disease. 
Minkowski's  liver  extirpations  suggest  that  the  increase  of  ammonia 
noted  in  cirrhosis  of  the  liver  should  be  considered  in  connection 
with  sarcolactic  acid.  At  present  the  one  important  pathological  fact 
in  human  cases  is  that  sarcolactic  acid  is  sometimes  found  in  phos- 
phorus-poisoning. 

As  regards  the  possible  relations  of  the  second  variety  of  lactic 
acid — the  optically  inactive  acid — we  are  quite  in  the  dark.  This 
acid  is  formed  in  considerable  quantities  in  cases  of  dilatation  of  the 
stomach,  as  the  result  of  fermentation  of  carbohydrates.  It  is  con- 
ceivable that  the  acid  thus  formed  is  only  partly  burned  and  that  a 
portion  of  it  is  neutralized  by  bases  and  excreted  by  the  urine  as  a 
lactate.  We  have  as  yet  no  results  on  this  point  from  our  cases  of 
dilatation  of  the  stomach,  but  the  possibility  suggested  is  worthy  of 
investigation. 

Experiments  made  by  Dr.  Baldwin  show  that  very  large  quantities 
of  lactic  acid  can  be  taken  daily  for  a  long  time  by  a  healthy  dog. 
In  one  case  more  than  50  grammes  of  the  commercial  acid  was  taken 
for  several  weeks.  A  considerable  quantity  of  the  acid  was  burned 
in  the  body,  but  most  of  it  was  presumably  carried  into  the  urine,  for 
the  ammonia  output  was  much  increased. 

It  deserves  to  be  noted  that  lactic  acid  appears  to  be  much  less 
toxic  than  propionic  acid,  of  which  it    is   the  hydroxy  acid.     The 
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change  in  toxic  properties  effected  by  hydroxylation  will  be  again 
referred  to  in  connection  with  ^9-oxybutyric  acid. 

^-oxyhutyric  Acid.  This  hydroxy  acid  has  the  distinction  of 
being  clearly  responsible  for  an  important  clinical  condition — diabetic 
coma.  It  is  a  matter  of  some  interest  as  illustrating  the  entry  of 
scientific  methods  into  medicine  that  Stadelmann,  in  1883,  succeeded 
in  balancing  the  acids  and  bases  in  the  urine  in  cases  of  diabetes  and 
in  correctly  predicting  from  his  results  that  the  urine  must  contain 
some  organic  acid  in  large  amount.  He  further  separated  an  acid 
which  he  considered  the  cause  of  the  apparent  excess  in  bases.  This 
was  crotonic  acid,  but  Minkowski  soon  after  showed  that  the  crotonic 
acid  was  derived  from  the  decomposition  of  /9-oxybutyric  acid,  and 
that  it  is  the  latter  which  we  meet  in  the  urine  of  diabetes. 

The  important  paper  of  Magnus-Levy,  published  last  summer, 
makes  it  likely  that  in  all  severe  cases  of  diabetes  the  urine  con- 
tains /9-oxybutyric  acid.  Aside  from  states  of  coma  the  quantity  is 
rarely  more  than  20  to  30  grammes  in  twenty-four  hours.  In  the 
state  of  coma  this  acid  is  always  present  in  very  large  amount.  In 
one  case  the  amount  was  160  grammes  in  twenty-four  hours  under  the 
influence  of  alkali,  which  facilitates  its  removal. 

An  estimate  of  the  alkali  in  the  adult  human  body  indicates  that 
the  amount  in  the  blood  and  tissues  is  only  enough. to  neutralize  about 
80  grammes  of  /3-oxybutyric  acid.  It  is  the  ammonia  of  the  tissues 
which  enables  the  organism  to  get  rid  of  the  acid  that  is  constantly 
formed. 

Of  the  origin  of  the  acid  we  are  still  somewhat  in  the  dark.  It 
is  commonly  taught  that  it  comes  from  the  metabolism  of  proteid. 
The  calculations  of  Magnus-Levy  show,  however,  that  the  amount  of 
proteid  decomposed  is  not  sufficient  to  account  for  the  enormous 
amounts  of  acid  found.  It  must,  therefore,  come  in  part  from  the  fat 
tissues  or  fatty  food  on  which  the  diabetic  so  largely  lives. 

The  results  of  experiments  made  with  /9-oxybutyric  acid  indicate 
that  its  action  in  producing  coma  depends  on  no  specific  toxic  proper- 
ties, but  rather  on  its  action  in  removing  alkali  from  the  blood  and  so 
reducing  the  alkalescence  of  the  blood.  It  is  interesting  to  note  that 
/9-oxybutyric  acid  is  much  less  toxic  to  dogs  and  other  animals  than 
butyric  acid.  The  hydroxylation  has  an  effect  similar  to  that  observed 
in  the  case  of  lactic  acid,  which  is  less  toxic  than  propionic  acid. 
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/?-oxybutyric  acid  has  been  found  in  small  amounts  in  a  variety  of 
pathological  conditions — in  scorbutus,  in  some  of  the  infectious  dis- 
eases of  childhood,  in  the  coma  of  cancer,  and  in  some  disturbances 
of  the  intestinal  tract.  The  conditions  in  which  ^-oxybutyric  acid 
is  found  in  small  quantities  are  worthy  of  much  closer  study  than  has 
hitherto  been  given  them. 

Diacetic  Acid.  Diacetic  or  aceto-acetic  acid  has  been  regarded  by 
Jaksch,  Miinzer  and  other  writers  as  the  cause  of  diabetic  coma. 
There  is  no  doubt  that  this  acid  is  present  in  most,  if  not  all,  cases  of 
diabetic  coma,  but  even  in  the  cases  in  which  it  is  most  abundant  it 
is  present  in  small  quantity  as  compared  with  /9-oxybutyric  acid. 
There  can  be  no  reasonable  doubt  that  diacetic  acid  contributes  to  the 
acid  intoxication  of  diabetes,  but,  on  the  other  hand,  this  acid  must 
be  regarded  as  a  factor  of  minor  importance  in  the  production  of 
coma. 

Oxalic  Acid — Uric  Acid.  These  organic  acids  are  frequently 
spoken  of  as  contributing  to  intoxications,  but  without  sufficient  cause. 
Even  when  these  acids  are  present  in  the  largest  amounts  ever  found 
in  the  urine,  their  quantity,  individually  and  collectively,  is  so  small 
that  they  can  play  no  important  part  in  affecting  the  excess  of  bases 
noted  in  a  state  of  acidosis.  These  acids  may,  therefore,  be  dismissed 
as  having  no  close  relation  to  the  subject  under  consideration. 

When  we  come  to  the  consideration  of  the  aromatic  acids  we  find 
ourselves  again  in  the  dark.  It  is  known  that  benzoic  acid  pairs  with 
glycocol  or  amido-acetic  acid,  probably  in  the  liver  and  kidney,  to  be 
excreted  as  hippuric  acid.  There  is  thus  a  certain  resemblance  be- 
tween the  provision  made  for  the  removal  of  this  aromatic  acid  and 
that  which  exists  for  the  removal  of  acids  of  the  fatty  acid  series  and 
the  mineral  acids.  But  we  do  not  know  anything  at  the  present  time 
about  the  aromatic  acids  in  their  relation  to  acid  intoxication  in  the 
human  subject. 

As  to  the  nature  of  the  organic  acids  of  whose  presence  we  have 
evidence  in  our  cases  of  dilatation  of  the  stomach,  arthritis  deformans 
and  cirrhosis  of  the  liver,  there  is  simply  nothing  to  be  said  at  the 
present  time.  The  process  of  isolating  the  acids  concerned  is  likely 
to  be  long  and  difficult,  but  the  task  of  recognizing  these  bodies 
deserves  to  be  undertaken,  since  it  holds  out  a  hope  of  reaching  a 
better  understanding  of  a  variety  of  pathological  conditions. 
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In  the  preceding  remarks  frequent  reference  has  been  made  to  the 
influence  of  acids  in  reducing  the  alkalescence  of  the  blood,  and  there 
is  no  doubt  that  the  grave  symptoms  of  acid  intoxication  observed  in 
diabetes  are  due  to  the  removal  of  alkali  from  the  blood.  If  we  inject 
a  free  acid  into  the  blood  of  a  rabbit  or  dog,  death  occurs  before  there 
is  a  complete  abolition  of  the  alkaline  reaction  of  the  blood.  A  con- 
siderable permanent  reduction  in  the  blood  alkalescence  appears  in- 
compatible with  the  maintenance  of  life  in  mammals.  The  reason  for 
this  is  evident  when  we  consider,  even  superficially,  the  conditions 
underlying  the  processes  of  respiration.  The  venous  blood  in  the  dog 
contains  from  39  to  48  percentage  volumes  of  COg,  the  arterial  blood 
about  8  per  cent.  less.  This  considerable  volume  of  COg  is  held  in 
the  blood,  not  in  a  state  of  simple  solution,  but  in  combination  mainly 
with  sodium.  The  blood  contains  about  4  per  cent,  of  sodium,  but 
the  greater  part  of  this  exists  as  sodium  chloride,  and  a  smaller  part 
as  sodium  phosphate.  Enough  remains,  however,  to  hold  the  large 
volume  of  carbon  dioxide  as  a  carbonate.  When  an  organic  or  mineral 
acid  enters  the  blood  it  displaces  the  diffusible  carbon  dioxide  and  ap- 
propriates the  sodium,  which  is  promptly  carried  out  of  the  organism 
by  means  of  the  kidneys.  It  is  easy  to  see  that  if  the  amount  of 
sodium  is  much  reduced  the  carbon  dioxide  liberated  in  the  cells 
can  no  longer  make  its  way  to  the  lungs  to  find  an  exit  from  the  body. 
In  other  words,  there  is  an  accumulation  of  carbon  dioxide  in  the 
fluids  and  cells  of  the  body  which  interferes  with  the  oxidations  essen- 
tial to  life,  and  occasions  coma  and  death.  Whether  the  presence  of 
neutralized  organic  acid  in  the  blood  ever  finds  other  expression  in 
the  symptoms  of  disease  is  a  question  which  cannot  be  profitably  dis- 
cussed at  present ;  but  there  is  no  reason  to  doubt  that  states  of 
acidosis,  like  those  we  have  described,  as  well  as  the  graver  intoxica- 
tions, are  essential  features  of  some  processes  of  disease. 

Conclusions.  Certain  inferences  are  warranted  by  the  facts  that 
have  been  reviewed : 

1.  A  careful  balancing  of  the  acids  and  bases  of  the  urine  gives  us 
reliable  indications  of  the  presence  of  any  considerable  amount  of  acid 
foreign  to  the  urine. 

2.  Many  instances  of  dilatation  of  the  stomach  and  of  arthritis 
deformans  show  a  considerable  apparent  excess  of  bases.  A  wider 
range  of  clinical  observation  would  probably  show  an  increase  of  this 
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kind  in  many  different  states  of  disease.  This  is  probably  true  of 
many  cases  of  acute  gastritis,  of  cirrhosis  of  the  liver  and  of  phos- 
phorus-poisoning. 

3.  In  diabetes  there  is  often  a  large  apparent  excess  of  bases  over 
acids.  This  is  due  chiefly  to  the  presence  of  /9-oxy butyric  acid, 
and  to  a  less  extent  to  diacetic  acid. 

4.  The  presence  of  /9-oxybutyric  acid  in  the  cells  and  blood  can 
probably  be  regarded  as  the  cause  of  coma.  This  effect  does  not  de- 
pend on  specific  properties  of  the  acid,  but  on  its  action  in  reducing 
the  alkalescence  of  the  blood. 

5.  Organic  acids  introduced  into  the  mammalian  body  withdraw 
alkali  from  it. 

6.  In  slight  grades  of  intoxication  or  acidosis,  it  is  not  always  pos- 
sible to  say  which  bases  are  withdrawn  in  excess. 

7.*  In  well-developed  intoxications  ammonia  is  the  chief  base  with- 
drawn ;  but  where  the  quantity  of  this  base  is  largely  increased,  sodium 
and  potassium  and  even  calcium  and  magnesium  may  be  removed 
from  the  body. 


MULTILOCULAR  CYSTOMA  OF  THE  PANCREAS. 


By  REGINALD  H.  FITZ,  M.D., 

OF  BOSTON. 


Numerous  cases  of  cystic  tumors  of  the  pancreas  have  been  reported 
of  late  years,  especially  in  consequence  of  the  attention  which  sur- 
geons have  directed  to  lesions  of  the  abdominal  viscera.  A  critical 
review  of  the  literature  of  the  subject,  however,  makes  it  evident  that 
the  term  pancreatic  cyst  has  been  used  to  indicate  lesions  differing  in 
etiology,  clinical  characteristics,  and  in  the  results  of  treatment.  Yir- 
chow  {Die  Krankhaften  Geschwulste,  1863,  i.,  276)  describes  two 
separate  varieties  under  the  term  ranula  pancreatica.  In  the  one 
the  entire  duct  is  widened  and  an  ordinary  rosary-like  dilatation 
occurs  ;  in  the  other  the  duct  becomes  dilated  into  a  cyst,  the  contents 
of  which  may  be  slimy,  hemorrhagic,  or  even  calculous  material. 

Nearly  twenty-five  years  later  {Berl.  hlin.  Woeh.,  1887,  xxiv.,  248) 
he  finds  it  no  longer  easy,  especially  when  the  cysts  are  large,  to  dis- 
criminate between  the  varieties  of  cystic  tumor  which  may  occur  in 
the  vicinity  of  the  pancreas.  He  looks  forward  to  the  time,  however, 
when  the  method  of  origin  of  the  larger  cysts  may  become  more 
clearly  established. 

One  of  the  most  important  contributions  to  the  differentiation  of 
the  large  cysts  in  the  region  of  the  pancreas  was  made  by  Jordan  Lloyd 
{Brit.  Med.  Journ.,  1892,  ii.,  1051),  when  he  maintained  that  such 
cysts  might  occur  in  consequence  of  an  injury  to  this  gland  as  a  result 
of  which  the  wall  of  the  lesser  omental  sac  becomes  inflamed  and  an 
accumulation  of  liquid  exudation  is  retained  within  its  cavity.  The 
simultaneous  laceration  of  the  pancreas  permits  the  specific  secretion 
of  the  gland  to  be  mingled  with  the  serous  exudation  of  the  omental 
bursitis. 

Occasional  instances  of  multilocular  cystic  tumors  of  the  pancreas 
have  been  reported  and  have  been  described  as  simulating  in  gross 
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appearances  and  in  structural  characteristics  the  multilocular  cystoma 
of  the  ovary.  Bozeman  (iV.  Y.  Med.  Journ.,  1882,  xxi.,  46),  for 
instance,  removed  from  the  abdomen  of  a  woman,  aged  forty-one  years, 
a  cystic  tumor  which  Garrigues  (Med.  Rec.^  1882,  xxi.,  286)  subse- 
quently described.  It  consisted  of  a  principal  cyst  holding  two 
and  a  half  gallons  of  brown  liquid.  The  wall  was  trabeculated,  the 
partitions  contained  large  holes,  and  it  bore  several  secondary  cysts 
of  the  size  of  small  hen's  eggs.  The  walls  were  lined  with  cylindrical 
or  polygonal  epithelium,  and  the  hardened  section  showed  that  the 
formation  of  the  secondary  cysts  took  place  as  in  an  ovarian  cyst. 
The  patient  of  Riedel  {Arch.  f.  klin.  Ohir.,  1885,  xxii.,  994),  a 
woman,  forty-five  years  old,  had  a  tumor  in  the  upper  abdomen  for 
nine  years,  at  first  not  producing  any  symptoms.  In  the  last  year 
and  a  half  it  had  increased  so  rapidly  in  size  that  the  entire  abdomen 
was  filled  with  a  fluctuating  tumor  thought  to  be  of  ovarian  origin. 
Laparotomy  was  performed  and  the  cyst  was  punctured ;  ten  litres  of 
brown  fluid  escaped,  and  the  tumor  was  removed.  Death  occurred 
four  days  later.  The  cyst  had  an  adenoid  projection  from  the  wall, 
several  globular  spaces  communicated  directly  with  the  interior,  the 
spaces  being  lined  with  cylindrical  epithelium,  and  others  had  papil- 
lary elevations,  as  in  ovarian  cystoma.  Paltauf  examined  the  body  of 
a  female  patient  of  Salzer,  aged  forty-two  years  (Zeitschr.  f.  Heilk.^ 
1886,  vii.,  19).  Death  was  due  to  cancer  of  the  breast,  but  he  found 
a  tumor  twice  the  size  of  a  man's  fist  apparently  continuous  with-the 
pancreas.  Its  contents  were  a  thick,  slimy,  grayish-brown  fluid. 
From  the  anterior  and  lower  portion  of  the  cyst  projected  two  globu- 
lar, lobulated  masses,  the  one  as  large  as  an  apple,  the  other  the  size 
of  an  egg.  They  were  separated  from  the  main  cavity  by  widely 
perforated  septa,  and  were  composed  of  an  aggregation  of  smaller 
cysts.  The  walls  were  lined  with  cylindrical  epithelium,  and  the 
pancreatic  duct  was  found  within  the  gland. 

In  Kuhnast's  case  {Inaug.  Diss.,  Breslau,  1887),  a  man  of  fifty- 
one  years,  the  body  of  the  pancreas  was  found  after  death  to  be 
made  up  of  cysts,  one  as  large  as  a  medium-sized  apple.  All  the  cysts 
were  filled  with  blood  in  various  stages  of  metamorphosis.  Almost 
the  entire  gland  was  transformed  into  fibrous  tissue  and  the  dilated 
duct  was  to  be  traced  here  and  there  through  the  cystic  portion. 

The  case  reported  by  Martin  (Virchow's  Areh.y  1890,  cxx.,  230) 
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perhaps  belongs  in  the  same  series.  He  successfully  removed  from 
the  region  of  the  pancreas  of  a  woman,  fifty  years  old,  a  cystic  tumor 
which  filled  the  entire  abdomen.  It  had  first  been  observed  when  she 
was  twenty-one  years  of  age,  and  then  was  the  size  of  an  egg.  When 
the  patient  was  thirty-four  years  old  the  tumor  was  as  large  as  a  man's 
head  and  was  thought  to  be  of  ovarian  origin.  An  exploratory  lapa- 
rotomy at  this  time  showed  the  growth  to  be  behind  the  transverse 
colon,  and  the  wound  was  closed.  At  the  final  operation  fifteen  litres 
of  a  thick,  brown  fluid  escaped  from  the  cyst,  which  was  isolated 
except  at  one  end,  where  it  was  tied  and  cut  away,  leaving  a  stump 
about  two  fingers  thick.  A  portion  of  the  wall  contained  a  large 
number  of  cysts  varying  in  size  from  that  of  a  hazel-nut  to  a  goose 
egg.  All  were  lined  with  cylindrical  epithelium,  and  no  pancreatic 
duct  was  found. 

Gussenbauer  {Frag.  med.  Woch.,  1891,  xvi,,  365)  drained  a  cyst 
in  the  region  of  the  pancreas  of  a  woman,  twenty-eight  years  of  age. 
The  tumor  was  first  noticed  two  and  a  half  years  before  the  operation. 
It  then  was  as  large  as  the  fist,  but  within  the  last  six  months  had 
rapidly  increased  in  size  until  it  was  as  large  as  a  man's  head.  Sev- 
eral months  after  the  operation  the  patient  died  of  phthisis,  and  Chiari 
made  the  post-mortem  examination.  He  found  a  fistula  extending 
from  the  abdominal  incision  to  the  pancreas,  and  the  left  half  of  the 
latter  was  replaced  by  a  collection  of  cysts,  the  largest  the  size  of  a 
hen's  egg.  The  smaller  cavities  were  lined  with  a  cylindrical  epithe- 
lium.   The  pancreatic  duct  was  open  from  the  duodenum  to  the  cysts. 

Thiroloix  and  du  Pasquier  (Bull,  de  la  Soc.  Anat.,  1892,  Ixvii., 
310)  found  nearly  the  whole  pancreas  of  an  elderly  woman  trans- 
formed into  a  mass  of  cysts — the  largest  the  size  of  a  hen's  egg, 
the  smallest  less  than  the  size  of  pease,  the  whole  forming  a  tumor 
twice  as  large  as  a  fist.  There  was  no  constriction  of  the  duct  of 
Wirsuug. 

Cibert  (Gaz.  des  Hop.,  1896,  Ixix.,  347)  reports  the  results  of  his 
examination  of  a  cystic  tumor  successfully  removed  by  Poncet  from 
a  woman,  twenty-six  years  old.  The  growth  first  was  noticed  six 
years  before  the  operation,  and  increased  slowly  for  four  years.  Just 
before  the  operation  it  was  apparently  of  the  size  of  the  head  of  an 
adult.  A  large  cyst  was  found,  in  the  wall  of  which  were  smaller 
cysts  no  larger  than  hazel-nuts.     These  were  lined  with  cylindrical 
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epithelium,  and  the  wall  of  the  main  cyst  was  traversed  by  long 
ridges  enclosing  communicating  spaces. 

The  above  series  includes  all  the  cases  of  benign  multilocular  cysts 
of  probable  pancreatic  origin  I  have  been  able  to  collect.  It  is  note- 
worthy that  all,  with  but  one  exception,  have  occurred  in  women ; 
that,  as  a  rule,  the  growths  have  existed  for  a  number  of  years  with- 
out much  change  or  proving  a  causing  of  disturbance ;  and  that  rapid 
increase  in  size  is  usually  the  result  of  the  formation  of  a  single  large 
cyst. 

The  walls  were  lined  with  cylindrical  epithelium,  and  the  comparison 
between  them  and  the  ovarian  cyst  was  often  made.  The  statement  of 
the  microscopical  appearances,  however,  is  not  sufficiently  detailed  to 
convince  the  reader  that  these  multilocular  cysts  were  other  than 
retention  cysts  proceeding  from  the  smaller  branches  of  the  duct  of 
Wirsung. 

The  following  case  is  reported  for  the  purpose  of  confirming  the 
view  that  a  multilocular  cystic  tumor,  presumably  of  pancreatic  origin, 
may  occur  in  the  region  of  the  pancreas,  and  belong  to  the  group 
of  proliferating  cysts : 

Mr. ,  thirty-six  years  of  age,  born  in  Maine,  a  carpenter  and  builder, 

was  sent  to  me  October  23,  1899,  by  Dr.  C.  D.  McCarthy,  of  Maiden,  to 
whom  he  had  been  referred  by  Dr.  Tenney,  of  the  same  city.  There  was  no 
evident  hereditary  predisposition  to  disease,  and  the  previous  health  had 
been  excellent,  there  having  been  no  serious  illness  since  boyhood,  when 
pneumonia  had  occurred.  Syphilis  was  denied.  He  was  temperate  in  the 
use  of  alcohol  and  a  total  abstainer  from  tobacco.  Tea  and  coffee  were  used 
freely,  and  he  was  in  the  habit  of  drinking  two  or  three  glasses  of  water  at 
his  meals. 

In  the  spring  of  1899  he  was  in  his  usual  good  health,  but  in  July  he 
began  to  complain  of  a  constant  dull  pain  in  the  left  lumbar  region  and  ex- 
tending into  the  dorsal  region.  It  was  worse  when  lying  down  at  night,  but 
was  less  discomforting  when  he  lay  upon  his  back.  The  pain  gradually  in- 
creased in  severity,  until  at  the  end  of  two  or  three  months  it  ceased,  after 
the  application  of  tincture  of  iodine  for  three  or  four  days.  Within  the  past 
month  he  has  noticed  in  the  left  hypochondrium  a  swelling,  which  has 
increased  a  third  in  size  during  this  time. 

Throughout  his  illness  he  has  not  been  obliged  to  restrict  his  diet,  and 
the  appetite  has  been  good.  During  the  past  month  it  has  been  excessive, 
and  there  has  been  also  marked  thirst.  Immediately  after  eating  the  food 
would  seem  like  a  weight  in  the  stomach,  and  there  would  arise  a  sense  of 
exhaustion,  lasting  for  a  few  minutes,  or  even  for  a  half  hour.    More  or  less 
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belching  of  gas  would  occur,  a  rumbling  in  the  abdomen  was  frequently  to 
be  heard,  and  peristalsis  in  the  epigastrium  was  occasionally  to  be  seen.  Of 
late  he  has  had  nausea  at  times,  although  vomiting  is  rare.  The  bowels 
have  been  constipated,  but  the  dejections  are  not  unnatural  in  appearance. 

In  the  past  week  or  two  there  have  been  attacks  of  palpitation,  sometimes 
relieved  by  the  expulsion  of  gas.  During  the  same  period  he  has  felt  faint 
and  has  looked  pale  for  a  while  two  or  three  times  daily,  and  has  suffered 
more  or  less  from  dull  pain  in  the  temples.  He  has  no  cough,  but  is  some- 
what short-breathed  on  ascending  an  elevation.  His  breath  at  times  smells 
queerly. 

During  the  past  month  he  has  been  obliged  to  micturate  six  or  seven  times 
during  the  night,  and  then  passes  over  two  quarts  of  urine,  although  not  more 
than  a  pint  in  the  daytime.  There  is  nothing  abnormal  in  the  appearance 
of  this  secretion.  The  skin  has  been  dry  throughout  the  illness,  although 
during  the  summer  months  he  would  sweat  at  night.  He  has  gained  five 
or  ten  pounds  in  weight,  but  has  lost  so  much  strength  that  he  has  ceased 
work  on  this  account.     His  legs  easily  tire,  but  his  feet  do  not  swell. 

On  physical  examination  the  face  was  pale;  temperature,  99°  F.;  pulse, 
88 ;  respirations,  20.  The  heart  and  lungs  were  negative,  with  the  excep- 
tion of  the  presence  of  a  systolic  murmur  at  the  base  and  apex  of  the  heart. 
The  urine  was  1044,  alkaline,  with  a  slight  trace  of  albumin,  but  no  sugar. 
The  examination  of  the  blood  showed  4,912,000  red  corpuscles,  10,000  leuko- 
cytes, and  70  per  cent,  of  haemoglobin. 

The  epigastrium  and  left  hypochondrium  were  swollen  and  tense  from  the 
presence  of  a  rounded  resistant  tumor  extending  downward  and  backward 
to  the  vicinity  of  the  left  twelfth  dorsal  vertebra,  thence  forward  three  finger 
breadths  above  the  crest  of  the  ilium  toward  the  median  line.  The  upper 
border  as  determined  by  dulness  on  percussion  was  as  high  as  the  left  nipple. 
The  lower  border  formed  a  sharply  defined  rounded  surface.  The  tumor 
was  elastic,  of  doubtful  mobility,  and  presented  a  rounded  prominence  from 
the  upper  part  just  below  the  left  lower  costal  cartilage  in  the  mammillary 
line.  A  wave  was  to  be  recognized  in  the  left  portion  of  the  tumor.  The 
position  of  the  mass  behind  the  stomach  was  indicated  by  the  overlying 
tympany  in  the  upper  epigastrium,  with  easy  upward  displacement  of  the 
gas,  and  by  the  ready  production  of  a  splashing  sound  in  front  of  the  upper 
portion  of  the  tumor. 

The  patient  was  sent  to  the  Massachusetts  General  Hospital  for  further 
observation.  October  30,  1899,  ten  grammes  of  glucose  were  given  in  divided 
doses,  but  no  sugar  was  to  be  found  in  the  urine  subsequently  passed.  After 
salol  was  taken  no  urine  was  voided  for  six  hours;  the  specimen  then  exam- 
ined gave  the  reaction  characteristic  of  the  presence  of  salicylic  acid. 

A  diagnosis  of  cyst  of  the  pancreas  was  made,  and  the  patient  was  trans- 
ferred to  Dr.  M.  H.  Richardson's  ward  for  surgical  treatment. 

November  7,  1899.  An  incision  seven  inches  long  was  made  over  the 
tumor,  two  inches  to  the  left  and  parallel  with  the  median  line.    The  tumor 
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was  found  to  occupy  the  region  of  the  lesser  omental  cavity.  A  trocar  was 
pushed  through  the  wall  and  a  considerable  quantity  of  reddish-brown  fluid 
escaped.  It  was  apparent  that  the  cyst  was  multilocular,  the  separate  cysts, 
some  of  which  were  nearly  as  large  as  the  fist,  not  being  intercommuni- 
cable.  The  intervening  septa  were  torn  through,  as  much  of  the  contents 
removed  as  possible,  and  the  sac  was  then  separated  from  the  surrounding 
parts  and  detached.  Diseased  portions  of  what  was  supposed  to  be  the  pan- 
creas, but  having  a  malignant  look,  were  removed  with  the  tumor.  Six 
weeks  later  the  patient  was  discharged  relieved.  At  the  site  of  the  wound 
was  a  sinus  at  least  two  inches  deep,  from  which  a  slight  discharge  escaped 
into  the  dressings. 

A  portion  of  the  liquid  contents  of  the  tumor  was  examined  in  the  labora- 
tory of  Prof.  E.  S,  Wood  by  his  assistant,  Mr.  H.  C.  Smith,  with  the  follow- 
ing result : 

Quantity,  250  c.c. ;  color,  dark-brown ;  sp.  gr.,  1022 ;  reaction,  alkaline. 
Considerable  free  blood  present,  but  no  pancreatic  ferment. 

Solids 7.32  per  cent. 

Urea 0.18 

Albumin 166 

Ash 0.81 

Chlorine 0.32 

Na.Cl.  ...:....  0.53 

Dr.  W.  F.  Whitney  received  the  fresh  specimen  and  forwarded  the  follow- 
ing report : 

"  Hemorrhagic  cystadenoma ;  a  cystic  mass  the  size  of  a  squash,  of  a  dark- 
red  color,  indicating  extensive  hemorrhages,  with  a  very  soft  necrotic  tissue 
mingled  with  dark-red  fluid.  No  definite  pancreas  could  be  made  out, 
though  some  of  the  hemorrhagic  masses  suggested  a  piece  of  the  pancreas, 
and  another  an  infiltrated  adrenal  gland.  A  little  piece  of  the  tissue  was 
soft,  grayish,  and  rather  malignant-looking  to  the  eye." 

On  microscopic  examination  of  hardened  and  stained  sections,  rounded 
and  irregularly  sinuous  cavities  of  va,rious  size  were  to  be  seen,  some  with 
incomplete  septa,  others  with  projecting  papilliform  growths.  Some  of  the 
cavities  contained  granular,  fibrillated,  or  hemorrhagic  material ;  others 
were  filled  with  papilliform  growths  grouped  in  a  somewhat  irregular  man- 
ner. The  contents  were  occasionally  cellular,  the  cells  being  free  or  clumped, 
at  times  in  tufts.  Many  of  the  cavities  were  lined  with  a  cylindrical  epithe- 
lium, which  was  more  or  less  stunted  in  the  larger  cysts.  Some  of  the  papilli- 
form growths  bore  a  cylindrical  epithelium,  while  others  were  covered  with 
cuboid  cells.  Occasionally  the  distribution  of  the  epithelial  cells  suggested 
the  acini  of  the  pancreas,  but  the  normal  structure  of  this  gland  was  not 
seen  in  any  of  the  sections  examined.  The  connective  tissue  between  the 
cysts  in  places  was  densely  fibrous,  while  elsewhere  it  contained  numerous 
cells  and  was  composed  of  interlacing  fibrils,  the  latter  forming  a  meshwork 
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enclosing  a  more  or  less  homogeneous  intercellular  substance.  Large  and 
thin-walled  bloodvessels  were  numerous.  In  places  granules  of  blood-pig- 
ment and  agglomerated  red  blood-corpuscles  gave  evidence  of  old  and  recent 
hemorrhages,  while  extensive  areas  of  necrosis,  in  which  the  structural 
details  were  well  preserved,  were  not  infrequent.  It  was  in  their  vicinity 
particularly  that  the  thin-walled  bloodvessels  and  the  hemorrhages  predomi- 
nated. 


Although  the  above-mentioned  characteristics  prevailed  in  the  sections 
examined,  in  a  few  of  the  latter  a  tendency  to  the  atypical  growth  of  epi- 
thelioid cells  was  apparent.  The  cells  were  of  a  cylindrical  character,  but 
by  no  means  of  a  uniform  shape,  size  and  arrangement,  and  were  grouped 
in  a  tubular  form,  but  the  tubules  often  were  so  closely  approximated  as  to 
present  an  irregularly  alveolate  appearance. 


The  tumor,  from  its  histological  appearances,  thus  is  to  be  regarded 
as  essentially  a  multilocular  cystoma,  but  on  the  border  line  between 
a  proliferating  cystoma  or  cystadenoma  and  a  cystomatous  carcinoma, 
a  distinction  which  the  subsequent  history  of  the  patient  may  be 
expected  to  make  clear. 

Combinations  of  cystoma  and  carcinoma  in  pancreatic  tumors  have 
been  reported  in  rare  instances.  Hartmann  (Cong.  Franc,  de  Chir., 
1881,  618)  records  the  case  of  a  woman,  fifty-three  years  old,  who 
had  suffered  from  digestive  disturbances  for  some  time,  but  within 
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three  months  had  rapidly  become  emaciated  and  enfeebled.  In  this 
period  there  were  abdominal  pains,  and  a  tumor  appeared,  seemingly 
as  large  as  the  two  fists.  Laparotomy  was  performed,  and  at  the 
operation  200  grammes  of  brown,  chocolate-like  fluid  were  removed 
from  the  growth,  which  lay  behind  the  stomach,  and  its  cavity  was 
drained.  Death  occurred  some  six  weeks  after  the  operation.  At 
the  autopsy  the  entire  body  and  tail  of  the  pancreas  were  found  to 
form  a  polycystic  mass,  through  which  the  pancreatic  duct  could  be 
followed.  Cancerous  nodules  were  found  in  the  liver,  and  Gilbert, 
who  examined  the  cysts,  regarded  them  as  representing  a  cystic  epi- 
thelioma, with  the  new  formation  of  glandular  cul-de-sacs  presenting 
a  cystic  dilatation. 

Reference  is  made  in  the  article  just  mentioned  to  a  work  published 
by  Hanot  and  Gilbert  {Etudes  sur  les  Maladies  du  Foie,  Paris,  1888), 
where  a  case  is  referred  to  in  which  a  series  of  cysts  of  various  dimen- 
sions were  found  in  the  pancreas.  The  tumor  was  generalized  in  the 
liver,  and  Gilbert  regarded  it  as  a  tubular  pancreatic  epithelioma. 


THE  UREA  CONTENT   OF   THE   BLOOD  IN  CASES 
OF  NEPHRITIS. 


By  JOHN  SEYMOUR  THACHER,  M.D., 

OF  NEW  YORK. 


The  chemical  pathology  of  the  blood  has  been  undeservedly 
neglected.  Surely  nothing  is  more  fundamental  in  the  considera- 
tion of  a  patient's  condition  than  the  chemical  condition  of  the  blood, 
and  yet  it  is  of  the  greatest  rarity  that  a  physician  investigates  the 
chemical  composition  of  the  blood  of  his  patients.  The  morphology  of 
the  various  organs,  both  gross  and  microscopic,  has  been  studied  with 
the  greatest  thoroughness,  and  of  late  years  the  morphology  of  the 
blood  has  received  an  abundant  share  of  devoted  attention,  with  the 
most  important  results.  The  newly-developed  science  of  bacteriology 
has  been  extended  to  clinical  observations  of  the  parasites  present  in 
the  blood,  and  the  technique  of  examinations  in  this  direction  has 
been  made  so  easy  that  with  many  physicians  they  are  a  regular  part 
of  clinical  routine.^  Physiological  chemistry  has  not  lacked  a  devoted 
host  of  able  investigators,  and  clinically  the  chemistry  of  digestion 
and  the  chemistry  of  the  urine  have  been  most  thoroughly  studied, 
and  to  great  practical  advantage.  But  the  clinical  examination  of 
the  blood  with  reference  to  variations  in  its  chemical  composition  has 
been  almost  entirely  neglected.  This  has,  of  course,  been  due  very 
largely  to  the  difficulty  of  obtaining  specimens  in  these  days  of  infre- 
quent phlebotomy. 

A  conviction  of  the  importance  of  this  neglected  field  has  led  me  to 
consider  the  possibility  of  obtaining  such  specimens  in  some  way  con- 
venient to  the  physician  and  free  from  danger  or  annoyance  to  the 
patient.  I  have  found  that  it  is  not  at  all  difficult  by  means  of  the 
simplest  apparatus  to  obtain  with  great  ease  and  in  a  manner  usually 
arousing  no  objection  on  the  part  of  the  patient  abundant  quantities 

1  James  and  Tuttle.   Medical  and  Surgical  Report  of  the  Presbyterian  Hospital,  1898,  vol.  iii. 


THE    UREA    CONTENT    OF    BLOOD    IN    NEPHRITIS.      263 

of  blood  for  quantitative  chemical  analysis.  No  more  formidable 
apparatus  is  needed  than  a  glass  bulb  or  flask,  with  a  short  tubular 
projection,  so  ground  that  a  small  aspirating  needle  may  be  tightly 
fitted  to  it  by  slipping  on,  and  with  a  second  orifice  stopped  with  a 
rubber  cork  through  which  a  glass  tube  passes.  To  this  glass  tube  is 
attached  a  rubber  tube  with  a  glass  mouth-piece.  The  needle  being 
inserted  into  a  vein  and  suction  applied  to  the  mouth-piece,  there  is 
rarely  any  difficulty  in  speedily  filling  the  bulb  or  flask  with  blood. 
The  receptacles  which  I  have  used  have  a  capacity  of  three  or  four 
ounces,  and  the  shape  which  I  have  preferred  has  been  that  of  an 
Erlenmeyer  flask,  the  projection  to  which  the  needle  is  attached  run- 
ning out  horizontally  near  the  base,  the  rubber  stopper  being  inserted 
into  the  ordinary  opening  at  the  top.  It  is  desirable  that  this  latter 
opening  be  large  enough  to  allow  the  clots  to  be  easily  blown  out  of 
the  flask  when  it  is  inverted.  It  is  most  important  that  the  grinding 
for  the  attachment  of  the  needle  be  carefully  done,  so  that  the  joint 
shall  be  air-tight ;  and  the  success  of  the  employment  of  this  device 
depends  chiefly  upon  the  sharpness  of  the  needle  and  the  size  and 
smoothness  of  the  lumen.  It  -is  well  to  have  the  needle  short  as  well 
as  the  projection  to  which  it  is  attached,  and  to  have  the  "fitting^' 
of  liberal  size,  so  that  the  glass  projection  may  be  large  enough  to 
secure  for  itself  strength  and  a  large  lumen.  There  should,  of  course, 
be  no  lateral  openings  in  the  needle.  The  size  of  needle  which  I 
have  found  most  useful  is  from  20  to  23,  Stubbs'  gauge.  It  is  natur- 
ally best  that  the  needle  be  thin-walled,  so  as  to  combine  a  maximum 
of  lumen  with  a  minimum  of  total  diameter.  The  veins  which  have 
seemed  to  me  best  adapted  to  this  procedure  are  the  median  basilic 
and  median  cephalic,  just  in  the  flexure  of  the  elbow. 

Having  tied  a  gauze  bandage  tightly  around  the  upper  arm,  and 
having  gently  scrubbed  the  site  of  puncture,  first  with  soap,  and  then 
with  alcohol  or  ether,  I  quickly  plunge  the  needle  through  the  skin, 
and  then,  while  exerting  a  continuous  suction,  find  the  lumen  of  the 
vein.  When  this  is  once  found  it  is  important  to  hold  the  arm  and 
instrument  as  steady  as  possible,  and  to  maintain  a  continuous  flow 
by  exerting  a  constant  suction.  After  the  needle  is  removed  and  the 
bandage  loosened  there  is  rarely  even  a  drop  of  hemorrhage  from  the 
puncture.  In  some  instances,  where  there  has  been  difficulty  in  find- 
ing the  lumen  of  the  vein  and  there  has  been  much  prodding,  a  con- 
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siderable  black-and-blue  spot,  and  sometimes  a  little  stiffness  follow 
the  procedure ;  but  no  further  trouble  has  resulted  in  any  instance. 
In  most  cases,  however,  a  barely  visible  discoloration  takes  place, 
and  a  majority  of  patients  show  no  dislike  of  the  trifling  operation. 
I  have  tried  it  upon  myself,  and  find  that  with  a  sharp  needle,  even 
though  a  fairly  large  one,  the  prick  of  the  stab  is  hardly  painful. 

Armed  with  this  simple  device,  we  have  inaugurated  at  the  Presby- 
terian Hospital  the  chemical  study  of  patients'  blood.  So  far  we 
have  only  made  a  beginning,  and  my  chief  reason  for  bringing  the 
matter  before  you  now  is  to  emphasize  the  importance  and  demon- 
strate the  ease  of  obtaining  these  specimens,  in  the  hope  that  this 
line  of  investigation  may  be  actively  developed  and  the  accumulation 
of  observations  by  numerous  investigators  may  before  long  throw  light 
on  some  obscure  pathological  questions,  and  lead  to  a  better  under- 
standing and  better  treatment  of  many  patients. 

So  far  we  have  confined  our  studies  to  the  urea  content  of  the 
blood,  and  have  determined  the  quantity  of  this  substance  in  sixty- 
three  specimens,  several  of  which  came  from  patients  outside  the 
hospital,  through  the  kindness  of  their  physicians.  The  method  of 
determining  the  quantity  of  urea  has  been  to  make  an  alcoholic  ex- 
tract, and  then  use  the  hypobromite  process.  The  blood  is  put  through 
a  wire  sieve ;  forty  drachms  is,  as  a  rule,  then  taken ;  three  times 
that  volume  of  absolute  alcohol  is  shaken  up  with  it,  and  the  mixture 
allowed  to  stand  for  twenty-four  hours.  It  is  filtered  and  washed 
with  hot  absolute  alcohol,  and  evaporated  nearly  to  dryness.  The 
residue  is  again  taken  up  in  absolute  alcohol  and  filtered  and  washed. 
The  filtrate  and  washings  are  again  evaporated  nearly  to  dryness,  and 
the  residue  dissolved  in  a  little  water.  Sodium  hypobromite  is  then 
applied,  and  the  nitrogen  evolved  represents,  of  course,  all  alcoholic 
extractives  of  the  blood  which  liberate  nitrogen  under  the  action  of 
sodium  hypobromite  ;  but,  as  urea  constitutes  nearly  the  whole  of  such 
substances,  this  method  is  thought  to  indicate  the  amount  of  urea 
closely  enough  for  practical  purposes. 

The  analyses  in  these  cases  were  made  by  Miss  Selma  Granat. 

A  few  parallel  analyses  were  made  to  see  whether  the  same  results 
could  be  obtained  if  we  used  95  per  cent,  alcohol  instead  of  absolute 
in  the  first  extraction.  Five  such  parallels  were  put  through,  with 
the  following  results : 
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Absolute.  95  per  cent. 

1 0.157  0.148 

2         .         .         .         .        .         .         0.116  0.101 

3 0.169  0.135 

4 0.103  0.081 

5 0.111  0.105 

Showing  that  the  95  per  cent,  alcohol  extracted  a  slightly  less 
quantity  of  nitrogenous  material  by  a  fairly  constant  difference. 

In  only  one  instance  were  we  able  to  compare  the  blood  taken  from 
the  vein  shortly  before  death  with  that  obtained  at  autopsy  shortly  after 
death.  In  this  case  the  blood  taken  from  the  vein  a  few  hours  before 
death  contained  0.121  per  cent,  of  urea  and  that  obtained  at  autopsy, 
eighteen  hours  after  death,  by  allowing  it  to  flow  from  the  great  vessels 
at  the  base  of  the  heart  into  the  pericardium,  contained  0.145  per  cent. 

In  this  group  of  observations  there  were  but  few  on  patients 
supposed  to  be  in  perfect  health  or  beyond  suspicion  of  nephritic 
complications. 

No.  1.  Man,  aged  forty-three  years,  in  good  health ;  moderate 
indigestion  and  moderate  neurasthenia,  0.030. 

No.  2.  Girl,  aged  twenty  years,  with  paraplegia,  urine  and  heart 
normal,  0.021,  and  three  days  later,  0.024. 

No.  3.  Man,  fifty-six  years  of  age,  with  normal  urine  and  normal 
arterial  tension ;  has  the  appearance  of  moderate  anaemia,  some  dizzi- 
ness, and  some  mistiness  of  vision,  0.053. 

No.  4.  A  woman  with  jaundice  and  a  slight  degree  of  oedema,  and 
at  times  a  faint  systolic  murmur  over  the  praecordiura,  but  nearly  nor- 
mal urine,  0.014. 

No.  5.  Six  days  after  the  crisis  of  pneumonia,  the  urine  being  nor- 
mal, 0.025. 

These  six  observations  upon  five  patients,  giving  figures  ranging  from 
0.014  to  0.053,  though  small  in  number,  agree  in  a  general  way,  with 
those  of  other  observers,  in  indicating  the  normal  percentage  of  urea. 

Forty  determinations  of  urea  have  been  made  in  the  blood  of  twenty- 
one  cases  of  well-marked  nephritis.  The  results,  with  some  of  the 
more  prominent  symptoms,  are  noted  in  the  following  table,  where  the 
cases  are  arranged  in  order  according  to  the  abundance  of  urea.  The 
more  conspicuous  symptoms  are  presumably  absent  when  not  noted  -} 

1  For  the  blood-pressure  determinations,  obtained  by  the  Hill-Bernard  sphygmometer,  I  am 
Indebted  to  Dr.  H.  S.  Carter. 


266 


THAOHER, 


o   oo    o 


oooo     o   oooo   ooooo  oo 


a|      o   o 

i     i   X   X 

X        + 

1      + 

o 

1 

si 

1 

3 
1   ° 

■3 

5^S       i 

es  a>a            : 

: 

go 

o 

+     o 

+ 

+ 

+         1     o 

: 

+     i 

Delir'm 

or 
twitch- 
ing. 

+     i 

i    +   + 

. 

: 

: 

: 

+ 

a  ^ 
1— 1 

+ 

+ 

: 

+ 

ii 

+   +  +    i    + 

+    +    o 

+     + 

+ 

+   +   + 

SS       ^12 


<MOO    :iooo 


log    : 


?i  : 


oog     .OJOO 
■i-(i-l(N 


ggi 


•S  >  a  03 


X     O'^^J 


XS       3.£f. 


+    X    +    + 


^8 


+    +    +    +    .S     X 


+    + 


+     o     + 


+     o 


1.2 

> 


o     + 


+     o 


o     +    +     o 


+     o 


r2        O 


+      + 


S 

Xg  + 


X.§| 


bo      03  MtS         " 


'd     03  X     § «  -d 

§   ^i+|.§xx    § 


x|.| 


X    + 


+      4-      ^ 
60    +    «2 


oa 

bOw 


=3  fe  o 
o  o  g 

<1      43 


2    2 


s    s    2 


fl    3 


fl  !^  n 

2  2  2 

SI  £i  A 

o  o  o 


II 


EPS 

eg  03 


035 


i  II  i 

•o    sa  : 

fl     O  2    : 


WO© 

6 


agii;^B:;25&=;§&;5a  i^ssSfeSSSfeSsg^  p=;g&;§^-s;a  :fe^s?2sgs?3Si 


s 


?5 


THE    UREA    CONTENT    OF    BLOOD    IN    NEPHRITIS.      267 

Taking  this  group  of  cases  as  a  whole,  we  see  that  there  is  a  marked 
increase  in  the  urea  of  the  blood,  reaching  in  one  case  0.411  per  cent., 
or  ten  to  twelve  times  the  normal.  In  only  six  of  the  twenty-one 
cases  were  figures  obtained  as  low  as  0.060  per  cent.,  and  in  two  of 
these  six  cases  higher  percentages  were  present  on  other  days.  So 
that  seventeen  of  the  twenty-one  cases  showed  an  excess  of  urea  in 
the  blood  at  some  time,  and  fifteen  showed  it  whenever  examined. 
In  twelve — that  is,  in  the  majority  of  cases — it  reached  0.110  per 
cent.,  three  or  four  times  the  normal. 

It  is  difficult  to  discern  from  the  observations  here  reported  any 
clear  law  as  to  what  kind  of  nephritis  cases  accumulate  large  quan- 
tities of  urea  in  the  blood  and  what  kinds  do  not.  A  much  longer 
series  will  be  required  for  satisfactory  answers  to  such  questions. 
Three  of  the  above  cases  were  apparently  acute  (Nos.  12,  13,  and 
16).  The  figures  in  these  cases  were  0.090,  0.077,  and  0.115  per 
cent.,  averaging  a  little  lower  than  entire  list. 

Herter^  says  that  "  in  a  small  proportion  of  typical  cases  of  uraemia 
characterized  by  the  occurrence  of  convulsions,  the  urea  content  of  the 
blood  was  found  to  be  well  within  the  normal  limits."  In  five  of  my 
cases  (Nos.  9,  12,  14,  17,  and  21)  convulsions  were  noted.  Of  these 
five,  two  were  quite  high  in  urea  (0.121  and  0.120  per  cent.),  two 
were  moderately  high  (0.083  and  0.077  per  cent.),  and  one  was  close 
to  the  upper  limit  of  normal  percentage  (0.057  per  cent.). 

Those  chronic  cases  which  show  a  good  deal  of  oedema  give  these 
figures:  0.194,  0.133,  0.111  per  cent.,  later  0.080  and  0.089  per 
cent.,  gradually  rising  to  0.244  per  cent. — that  is,  to  quite  a  high 
percentage. 

Most  of  the  cases  in  this  list  had  a  distinct  increase  of  arterial  ten- 
sion, whether  observed  by  the  finger  or  by  the  sphygmometer.  But 
the  degree  of  tension  did  not  regularly  follow  the  richness  in  urea.  In 
one  case  (No.  16),  in  which  the  urea  gradually  rose  from  0.089  to 
0.244  per  cent.,  the  pressure,  after  wavering  about  155  to  180,  finally 
rose  to  200. 

In  a  general  way,  in  the  cases  in  which  the  urea  was  very  high,  say 
0.120  per  cent.,  most  were  in  a  serious  condition,  and  such  high  figures 
have  in  some  cases  enabled  us  to  get  a  better  view  of  the  seriousness 

1  Montreal  Medical  Journal,  May,  1898. 
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of  the  case  and  of  the  nature  of  the  trouble.  Those  patients  who  died 
or  were  recorded  as  becoming  distinctly  worse  are  found  toward  the 
bottom  of  the  list.  But,  on  the  other  hand,  it  is  equally  clear  that  a 
low  percentage  of  urea  is  found  in  some  severe  cases  of  nephritis.  A 
few  cases  quite  miserable  with  symptoms  which  seemed  to  be  purely 
nephritic  contained  in  their  blood  only  a  normal  amount  of  urea. 
Some  patients,  however,  with  little  urea  had  complications  which 
should  be  taken  into  account. 

It  has  been  interesting  and  instructive  to  watch  the  changes  in  the 
urea  content  in  certain  cases.  I  will  give  these  changes  in  five  cases, 
in  which  we  made  a  number  of  analyses,  and  will  ask  you  to  notice 
their  courses  clinically  and  chemically. 

No.  22.  A  young  woman,  twenty-four  years  old,  who  came  to  the 
hospital  complaining  of  epigastric  pain,  vomiting,  and  hsematemesis. 
Her  urine  was  found  to  contain  albumin  and  casts.  She  has  im- 
proved greatly  and  pretty  steadily.  The  blood  contained :  April  4th, 
0.208  per  cent,  urea;  April  6th,  0.172;  April  9th,  0.165;  April 
27th,  0.034. 

No.  18.  A  woman  of  sixty-two  years,  who  came  in  complaining  of 
headache  and  dyspnoea.  She  was  in  an  apathetic  condition.  The 
urine  contained  albumin  and  casts.  She  improved  quickly,  and  then 
remained  about  the  same.  Her  blood  contained :  April  12th,  0.116 
per  cent,  urea;  April  16,0.103;  April  20th,  0.119 ;  April  21st, 
0.081 ;  April  29th,  0.144. 

No.  24.  A  man,  thirty  years  old,  with  a  chronic  history  of  oedema, 
headache,  dizziness,  and  vomiting.  He  had  murmurs  of  valvular 
lesions,  and  in  his  urine  albumin  and  casts.  His  condition  has  been 
somewhat  variable,  but  lately  has  been  worse.  His  blood  con- 
tained: March  22d,  0.089  per  cent,  urea;  March  30th,  0.107; 
April  6th,  0.128;  April  11th,  0.157;  April  16th,  0.169;  April 
27th,  0.244. 

No.  26.  A  man,  thirty-three  years  old,  with  a  chronic  history  of 
oedema,  dyspnoea,  headache,  vomiting,  and  diarrhoea.  He  had  endo- 
carditic  murmurs.  His  urine  contained  albumin,  and  on  one  exam- 
ination out  of  four  contained  casts.  He  developed  a  muttering  de- 
lirium, gradually  sank,  and  died.  His  blood  contained :  April  4th, 
0.326  per  cent,  urea;  April  6th,  0.345;  April  9th,  0.411;  April 
13th,  0.340. 
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In  fourteen  additional  cases  in  which  albumin  or  casts,  or  both, 
were  present  in  the  urine,  but  where  the  nephritis  seemed  to  be  not 
an  important  part  in  the  patient's  condition,  the  figures  for  the  urea 
were  0.030,  0.033,  0.041,  0.046,  0.046,  0.053,  0.064,  0.057,  0.069, 
0.072,  0.073,  0.074,  0.075,  and  0.108  per  cent.  The  last  case  was 
a  diabetic  in  coma. 


A  MODIFICATION  OF  THE  SPHYGMOGRAPH. 


By  EGBERT  T.  EDES,  M.D., 

OF  BOSTON. 


The  sphygmograph  is  an  instrument  which  I  believe  has  never  been 
held  in  high  respect  by  the  physiologists.  It  is  unnecessary  to  an- 
alyze all  its  defects  and  inaccuracies  in  the  various  forms  in  which  it 
has  appeared.  This  has  been  very  thoroughly  done  by  Baumgarten 
in  Wood's  Reference  Hand-hook. 

But,  notwithstanding  these,  it  has  always  had  a  certain  attraction 
for  the  clinician,  because  it  gives  a  record  more  compact  and  less  sub- 
ject to  personal  error,  if  not  more  delicate,  than  even  the  well- trained 
finger. 

It  is  useless  to  expect  from  it  pathognomonic  indications  of  valvular 
disease,  but,  with  care,  it  can  be  made  to  show  certain  conditions  of 
the  blood-pressure  that  are,  if  not  more  easily  detectable,  at  least  more 
easily  demonstrable  in  this  way,  and  which  are  very  useful  in  studying 
and  recording  diseases,  disorders,  and  the  action  of  remedies,  espe- 
cially such  as  involve  the  vasomotor  system. 

A  clinical  sphygmograph  must  be  convenient  and  not  require  a 
tedious  adjustment  of  pads,  straps,  and  support,  and  it  is  this  virtue 
which  has  made  the  "  Pond  "  instrument,  when  used  without  the  arm- 
rest, so  popular  in  this  country.  But  the  "  Pond  "  is  defective  in  the 
following  points : 

The  resistance  to  the  tension  of  the  artery  should  be  by  a  spring 
and  not  by  weight,  so  far  as  possible,  because  the  error  due  to  vis 
inertice  is  less,  and  also  because,  unless  the  instrument  is  held  exactly 
upright,  which  is  not  always  easy  at  the  bedside,  the  levers  are  not 
working  at  all  times  under  the  same  conditions. 

The  spring  should  be  a  metal  one.  Rubber  springs  are  constantly 
changing  by  time  and  readjustment. 
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The  pressure  used  should  be  simply  the  pressure  of  the  pad  on  the 
artery,  or  as  nearly  so  as  possible,  and  not  the  pressure  of  the  base  of 
the  instrument  on  the  adjacent  tissues.  Of  course,  no  sphygmograph 
to  be  used  on  the  human  subject  can  be  free  from  the  modifying  effects 
of  the  tissues  superjsicent  to  the  artery  which  may,  equally,  of  course, 
vary  a  good  deal  with  the  elasticity  of  the  skin  and  the  amount  of 
connective  tissue  present.  The  base  of  the  ''Pond''  is  so  broad  that 
when  the  little  metal  disk  within  the  rubber  cap  is  pressed  down  on  to 
the  radial  the  graduation  on  its  stem  indicates  not  the  pressure  over 
the  artery,  but  that  of  the  metal  cap  upon  the  edge  of  the  radius,  the 
flexor  carpi  radialis,  or  both.  It  is  also  very  desirable  that  the  tracing 
should  itself  be  a  record  of  the  pressure  at  which  it  is  made. 

This  roughly-made  instrument  which  I  have  here  indicates,  I  think, 
how  some  of  these  defects  can  be  remedied. 

Some  years  ago  I  made  and  published  a  short  account  of  a  sphyg- 
mograph with  a  single  lever,  in  which  the  tracing  taken,  which,  of 
course,  was  only  slightly  multiplied,  could  be  further  enlarged  by  the 
use  of  a  cylindrical  lens.^  As  one  might  say,  the  amplification  usually 
accomplished  by  a  second  lever  was  here  done  by  a  beam  of  light. 
The  objection  to  this  was  that  the  tracing  could  not  be  used  for  dem- 
onstration without  the  glass,  and  could  not  easily  be  recorded  for 
convenient  use. 

This  slightly  magnified  tracing,  however  (only  two  and  a  half  or 
three  times),  when  taken  on  the  same  slip  with  the  usual  more  highly 
magnified  one,  is  useful  for  comparison  with  it.  It  throws  out  a  cer- 
tain amount  of  instrumental  error  dependent  on  looseness  of  joints 
and  on  acquired  velocity  of  the  most  rapidly  moving  parts.  A  too 
delicate  action  of  rapidly  moving  levers  carries  the  writing-point  be- 
yond its  proper  mark  in  each  direction. 

A  very  beautifully  constructed  instrument  shown  me  some  years 
ago  by  Dr.  Hopkins,  of  Buffalo,  was  open  to  this  objection  in  the 
highest  degree,  and  gave  traces  which  indicated  an  amplitude  of  move- 
ment considerably  beyond  that  of  the  arterial  wall. 

Elasticity  and  a  want  of  rigidity  in  the  levers  has  very  much  the 
same  effect. 

If  a  very  long  lever,  multiplying  the  necessary  number  of  times 

1  Journal  of  the  American  Medical  Association,  August  18, 1888. 


272 


EDES 


(say  twenty)  could  be  made  absolutely  rigid  and  extremely  light,  then 
a  sphygmograph  somewhat  like  that  described,  but  using  a  slip  off 
paper  wide  enough  to  register  all  pressure,  would  be  the  ideal  one. 

In  the  modification  which  I  now  present  I  have  endeavored  to  com- 
bine the  essential  points  of  magnification  sufficient  to  be  read  without 
a  glass,  the  easy  and  convenient  applicability  of  the  '^Pond,"  the 
observation  and  recording  of  actual  pressure  over  the  artery  alone, 
and  the  diminution  of  some  instrumental  errors.  It  consists  of  a  bent 
lever,  of  which  one  end  rests  on  the  artery  and  the  other  carries  a 
writing  needle.     It  is  held  by  a  spiral  spring.     Pressure  upon  the 


Fig.  1. 


1.  Short  arm  of  bent  lever  to  press  on  artery. 

2.  Notched  arm. 

3.  Wire  pen  writing  on  slip  between  rollers  of  clock-work  6. 

4.  Adjustable  connecting  rod  with  5. 

5.  Catch  holding  to  one  of  the  notches  in  2. 

6.  Clock  work. 

7.  Spiral  spring. 

8.  Second  lever  multiplying  the  movement  of  the  first  lever  several  times. 
The  lever  is  represented  as  adjusted  for  a  high  pressure. 

artery  is  made  and  changed  simply  by  the  amount  of  force  employed 
by  the  hand  which  holds  the  instrument,  the  pressure  upon  the  other 
tissues  of  the  wrists  having  no  effect  upon  the  tracing  except  through 
the  lever.  This  slightly  magnified  trace  indicates  by  its  position  on 
the  slip  the  amount  of  pressure  on  the  end  of  the  lever  placed  upon 
the  artery,  and  the  amount  of  movement  is  sufficient  to  allow  the  am- 
plitude of  the  wave  to  be  estimated  and  the  best  pressure  for  devel- 
opment to  be  selected.     It  can  be  made  more  distinct  by  the  use  of 
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the  cylindrical  glass.  The  range  of  pressures,  with  the  spring  now 
on  the  instrument,  on  a  slip  of  the  usual  width  is  from  75  to  250 
grammes. 


Fig.  2. 


Fig   3. 


Fig.  4. 


Fig.  5. 
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Four  sphygmograms  (Figs.  2  to  5)  of  the  same  pulse  with  varying  pressures,  the  exact 
amount  of  which  in  grammes  can  be  ascertained  by  comparing  the  position  of  the  slightly 
magnified  curve  with  the  scale  (Fig.  6). 

The  position  of  the  highly  magnified  curve  on  the  slip  is  of  less  consequence,  as  it  corre- 
sponds to  very  slight  variations  in  pressure  within  narrow  limits. 

The  heavy  lines  parallel  to  the  edges  of  the  paper  are  made  by  the  rollers  which  guide  it. 
AmPhys  18 
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The  second  lever,  multiplying  considerably  more,  does  not  have  a 
fixed  connection  with  the  first,  but  by  means  of  a  notched  arm  is 
attached  to  it  when  the  degree  of  pressure  at  which  the  tracing  is  to 
be  taken  is  to  be  determined.  The  pressure  can  be  varied  a  little, 
even  after  the  two  levers  are  connected,  without  throwing  the  writing- 
point  off  the  smoked  slip. 

We  have,  then,  on  the  slip  two  tracings,  one  magnified  three  and  a 
half  times,  showing  exactly  the  pressure  and  the  amplitude  at  that 
pressure  and  free  from  exaggeration ;  and  the  second,  corresponding 
to  the  only  one  usually  given,  which  brings  out  the  minuter  form  of 
the  pulse-wave. 

As  I  am  now  presenting  this  combination  rather  as  a  suggestion 
than  as  a  finished  instrument,  I  can  speak  of  some  points  which  might 
be  improved  in  the  hands  of  a  better  workman  than  I  am. 

I  overheard  a  hardware  salesman  say,  with  considerable  emphasis, 
to  a  customer  who  thought  he  could  buy  a  spring  to  suit  him  ready- 
made,  "  Making  a  spring  is  an  art.''  It  is  one  which  I  do  not  possess 
either  in  theory  or  in  practice.  Although  the  spiral  spring  which  I 
have  here  covers,  I  think,  most  ordinary  ranges  of  pressure,  yet  I 
presume  it  would  be  possible  to  temper  a  steel  spring  so  as  to  do  much 
better  and  make  a  paper  of  the  ordinary  width  record  a  range  from 
nearer  zero  to  a  considerably  higher  point  than  this. 

But  that  which  I  found  most  difficult  to  arrange  satisfactorily  looks, 
at  first  sight,  so  exceedingly  simple  that  it  seems  almost  silly  to  speak 
of  it — that  is,  the  catch  between  the  two  levers,  which  should  be  very 
light,  very  easy  and  quick  of  adjustment,  without  any  slip,  and,  on  the 
other  hand,  without  friction  or  stiffness. 
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FiLARiASis  is  a  parasitic  disease  which  is  very  common  in  many 
tropical  countries,  in  some  of  which  it  is  a  scourge.  In  northern 
countries  it  is  rarely  encountered,  and  its  numerous  manifestations, 
consequently,  are  but  little  understood.  It  is  probable  that  cases  are 
repeatedly  unrecognized. 

The  nature  of  the  first  case  which  is  here  reported  was  not  recog- 
nized when  he  entered  the  hospital.  The  reasons  are :  first,  because 
the  disease  was  not  suspected,  and  second,  because  the  lesions  which 
he  presented  at  that  time  were  not  characteristic,  so  that  under  re- 
peated similar  circumstances  there  would  be  no  objective  signs  par- 
ticularly suggestive  of  filariasis,  and  only  a  blood  examination  would 
be  positive.  Consequently,  we  have  decided  to  present  the  features 
of  these  cases  as  we  encountered  them. 

Case  I. — On  September  20,  1899,  C.  A.,  twenty-two  years  of  age,  entered 
one  of  the  surgical  wards  of  the  Boston  City  Hospital  with  the  history  of  the 
sudden  onset  of  pain  across  small  of  back  while  lifting  a  bale  of  paper.  This 
pain  increased  in  severity,  so  that  at  the  end  of  half  an  hour  he  could  not 
remain  standing,  nor  could  he  lie  in  one  position  any  considerable  length  of 
time.  The  pain  extended  around  to  the  left  groin  and  down  into  the  left 
testis.  There  was  a  desire  to  urinate  frequently,  but  micturition  did  not  give 
any  relief.  He  felt  dizzy  and  nauseated,  but  did  not  vomit.  His  tempera- 
ture was  normal.  The  urine  was  normal.  Physical  examination  was  nega- 
tive. 
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The  condition  of  the  patient  at  this  time  was  not  such  as  particularly  to 
attract  the  attention  of  the  visiting  surgeon.  Two  days  later  all  of  his  sub- 
jective symptoms  had  disappeared,  and  he  was  discharged  from  the  hospital 
feeling  perfectly  well. 

He  resumed  his  work  as  a  bookkeeper,  but  soon  noticed  that  there  was  a 
swelling  in  the  left  side  of  scrotum  which  extended  up  to  the  groin.  This 
swelling  disappeared  on  lying  down.  There  was  some  discomfort  when  he 
was  walking  about,  he  got  tired  easily,  and  his  condition  was  a  source  of 
worry  to  him. 

On  account  of  this  swelling  he  entered  the  hospital  a  second  time,  and 
became  a  patient  on  the  service  of  Dr.  H.  L.  Burrell,  and  was  then  seen  by 
the  writers  for  the  first  time. 

Sufficient  examination  was  made  to  show  that  the  left  testicle  was  somewhat 
enlarged,  but  not  tender,  and  that  the  cord  was  thickened  by  the  presence  of 
a  mass  of  vessels  which  led  to  the  external  abdominal  ring.  On  lying  down 
these  vessels  decreased  in  size,  and  clinically  corresponded  to  a  case  of  vari- 
cocele. The  external  abdominal  ring  admitted  the  finger  tip  readily,  and 
there  was  a  marked  impulse  and  a  slight  hernial  protrusion  on  cough. 

His  condition  seemed  to  correspond  to  a  varicocele  complicated  by  a  small 
inguinal  hernia,  and  without  particular  attention  being  paid  to  his  history, 
and  without  making  further  examination  he  was  prepared  for  operation. 

Under  ether  thei  usual  incision  for  inguinal  hernia  was  made  and  the  cord  ex- 
posed from  the  internal  ring  to  the  testis  by  drawing  the  latter  toward  the  lower 
end  of  the  four-inch  incision.  A  small  hernial  sac  was  isolated  and  ligated,  and 
the  posterior  wall  of  the  inguinal  canal  restored  in  the  usual  manner.  The 
cord  itself  was  about  the  size  of  the  index  finger  and  was  composed  of  about 
ten  thick-walled  tortuous  vessels  or  tubes,  in  addition  to  the  usual  structures. 
There  were  two  or  three  large  veins  to  be  seen  which  could  be  recognized  by 
their  dark  color,  but  the  remaining  structures  were  light-colored  and  about 
the  size  of  the  veins  in  a  varicocele.  They  were  considerably  distended  and 
their  walls  were  thick.  It  was  decided  to  excise  this  mass  of  vessels  for  the 
whole  length  of  the  cord  as  in  a  varicocele  operation.  On  dissecting  this 
mass  from  the  surrounding  structures  it  was  noticed  that  minute  quantities 
of  a  thin,  milky  fluid  appeared  in  the  field  of  operation.  Unfortunately  at 
the  time  this  fluid  became  mixed  with  blood  and  could  not  be  collected.  The 
appearance  of  this  fluid  and  the  color  of  the  excised  tubes  were  the  features 
that  first  made  us  suspect  that  there  was  something  unusual  in  this  case.  The 
hernia  and  varicocele  operation  was  completed  and  the  wound  closed. 

The  patient  recovered  well  from  the  operation  and  the  wound  healed  by 
first  intention. 

Pathological  Report  of  Excised  Mass :  Macroscopic  examination  by  Dr. 
Howe.  "  The  specimen  consists  of  a  mass  of  dilated  vessels  and  some  fat.  It 
is  12  cm.  long,  1  cm.  across,  0.6  cm.  thick.  The  vessels  have  firm,  thickened 
walls,  and  do  not  collapse  on  being  cut  across.  The  largest  vessels  have  a 
diameter  of  2  mm."  Microscopic  examination:  "Dilated  and  thickened 
veins." 
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Cross-sections  of  an  adult  female  fllaria  Bancroft!.    Highly  magnified. 
Fig.  1,  head.    Fig.  2,  body,  0.64  mm.  from  anterior  end.    Fig.  3,  body,  1.26  mm.  from  ante- 
rior end.    Fig,  4,  body,  anterior  to  bifurcation  of  uterus. 


Fig  5. 


Photomicrograph  of  a  living  fllaria  embryo  in  hydrocele  fluid.    Magnifled  250  diameters. 
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The  future  history  shows  that  these  structures  were  not  veins,  although 
they  resembled  them  under  the  microscope,  and  some  of  them  contained 
blood.  At  the  time  of  operation  we  felt  certain  that  they  were  not  veins  on 
account  of  their  light  color  when  contrasted  with  veins  near  by,  and  the 
escape  of  small  quantities  of  milky  fluid. 

Progress  of  case :  December  5th.  Stitches  out,  linear  scar  healed  by  first 
intention  ;  no  redness,  tenderness,  or  induration.  For  two  weeks  longer  the 
patient  remained  in  bed  and  wore  a  protective  dressing.  Meanwhile  there 
was  a  gradually  increasing  swelling  of  the  left  side  of  the  scrotum,  which  was 
examined  carefully  on  December  19th. 

The  skin  of  the  scrotum  was  normal,  and  consequently  showed  no  signs  of 
redness  or  thickening.  The  swelling  was  larger  than  a  hen's  egg  and  globu- 
lar. It  was  smooth,  fluctuant,  and  not  tender,  and  transmitted  light  as  freely 
as  an  ordinary  hydrocele.  At  the  upper  end  of  the  tumor  could  be  felt  the 
stump  where  the  cord  was  excised.  The  tumor  was  aspirated  with  the  fol- 
lowing result : 

Pathological  Examination  by  Dr.  Low :  ''  Specimen  consists  of  about  90 
c.cm.  of  opaque,  chrome-colored  fluid,  which  microscopically  shows  large 
numbers  of  embryo  filarise  in  active  motion.  There  are  numerous  small 
round  cells,  a  few  red  blood-corpuscles  and  oil  globules,  and  a  large  amount 
of  fatty  granular  material." 

Chemical  Examination  by  Dr.  Ogden :  "  Reaction  neutral ;  specific  gravity 
1018 ;  albumin,  1.5  per  cent. ;  fat,>  1.53  per  cent. ;  chlorine,  1.95  per  cent. 
The  fluid  was  completely  clarified  by  shaking  with  ether  after  the  addition 
of  sodic  hydrate.     Diagnosis  :  Chyle  in  an  inflammatory  serous  fluid." 

19th,  7  P.M.  Blood  examination  shows  many  filarise.  Differential  count  of 
leucocytes  made  by  Dr.  Steensland  : 


Small  lymphocytes     . 

.     35.33  per  cent. 

Large  lymphocytes     . 

3.00 

Transitionals 

0.67      3.67      " 

Polymorphonuclear  leucocytes  . 

.     56.67      " 

P^osinophiles 

.      4.33      " 

100  per  cent. 

300  leucocytes  counted. 

20th.  Blood  from  ear  examined  at  3.15  P.M. ;  no  filarise  found  in  four  slides. 
5.15  P.M.  Patient  has  been  in  bed  one  hour;  seventeen  filarise  counted,  with 
aid  of  movable  stage,  in  each  of  two  large  drops. 

The  diagnosis  was  now  firmly  established  and  the  obscure  features  of  the 
case  were  easily  explained. 

At  the  time  of  operation  he  had  a  small  inguinal  hernia.  The  condition 
resembling  varicocele  was  a  collection  of  dilated  and  thickened  lymph  vessels, 
which  extended  into  the  testis,  thereby  increasing  its  size.  There  was  no 
fluid  in  the  tunica  vaginalis  testis  until  after  the  operation,  and  its  appear- 
ance is  readily  explained  by  the  fact  that  most  of  the  return  lymph  vessels 
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had  been  excised.  The  tumor  in  the  scrotum  following  the  operation  was  a 
chylus  hydrocele,  for  the  most  part,  but  was  also  due  to  the  increasing  size 
of  the  testis  in  consequence  of  the  dilating  of  the  obstructed  lymph  channels. 

Previous  History :  It  was  known  at  entrance  that  this  patient  had  lived  on 
the  Island  of  Barbadoes,  and  when  questioned  as  to  his  past  history,  he  said 
nothing  about  any  previous  sickness,  and  there  was  nothing  observed  that 
led  us  to  suspect  that  we  were  dealing  with  a  case  of  filariasis.  The  disease 
is  so  rare  in  northern  latitudes  that  it  is  not  suspected  and  its  clinical  mani- 
festations are  but  little  understood.  The  commoner  symptom,  chyluria,  was 
absent,  and  the  urine  was  normal.  Furthermore,  the  patient,  who  is  a  fellow 
of  considerable  intelligence,  knew  that  he  had  suffered  from  filariasis,  but 
said  nothing  about  his  past  history  because  he  thought  his  present  condition 
had  nothing  to  do  with  any  previous  sickness. 

We  then  obtained  the  following  history  : 

He  was  born  on  the  Island  of  Barbadoes  in  1878,  where  he  lived  for  seven- 
teen years.  He  was  on  his  way  to  school  one  morning  in  September,  five 
years  ago,  when  he  was  seized  with  sudden  pain  across  the  lower  back  and 
lumbar  regions  and  also  in  the  left  groin.  It  was  so  severe  that  he  thinks  it 
caused  him  to  faint.  He  was  carried  home  and  put  to  bed.  This  is  the  first 
sickness  that  he  can  recall.  This  attack  of  pain  was  followed  by  a  chill, 
which,  in  turn,  was  followed  by  others.  There  was  more  or  less  nausea  and 
headache.  He  was  given  quinine  and  arsenic  for  a  period  of  three  months, 
and  remained  in  bed  for  five  months.  During  that  time  he  was  not  very 
sick,  but  suffered  mostly  from  weakness  and  debility.  He  had  recurrent 
febrile  attacks,  during  which  the  glands  in  the  left  groin  were  swollen  and 
the  left  testis  was  enlarged.  The  glands  remained  swollen  for  about  three 
months,  but  the  testis  became  permanently  enlarged.  Chills  and  febrile 
attacks  lasted  about  three  months,  with  decreasing  severity.  During  this 
period  he  was  troubled  with  persistent  drowsiness  by  day.  Even  up  to  time 
of  operation  drowsiness  has  been  a  feature  in  his  case.  His  attack  was  diag- 
nosed at  the  time  as  "Barbadoes  fever,"  also  called  "fever  and  ague,"  and 
was  understood  to  be  due  to  filarise.  He  remained  in  bed  for  such  a  long 
period,  although  not  very  sick,  on  account  of  the  prevailing  opinion  that 
lymph  scrotum  and  elephantiasis  are  thus  avoided. 

Ten  months  after  the  first  attack  he  had  a  second  one,  which  came  on  sud- 
denly, and  he  was  more  or  less  prostrated  for  a  month.  The  swelling  of  the 
left  inguinal  glands  recurred,  accompanied  by  the  same  constitutional  symp- 
toms. This  time  the  glands  were  tender  and  the  skin  over  them  reddened. 
The  testis  gained  in  size,  but  became  smaller  later.  He  was  not  allowed  to 
walk  during  this  month. 

On  recovering  from  this  attack  he  went  to  Montreal,  Canada,  and  continued 
to  go  to  school  for  about  two  years.  Then  he  went  to  New  York,  served  a 
brief  period  as  a  bookkeeper,  and  enlisted  in  the  militia,  and  then  spent  some 
months  in  South  Carolina.  Somewhat  over  a  year  ago  he  came  to  Boston, 
where  he  was  occupied  as  a  bookkeeper. 
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Portion  of  an  adult  female  filaria  Bancrofti,  showing  the  digestive  tract  and  the  two 
uterine  tubes  extruded  from  the  cut  end.    Magnified  38  diameters. 
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Large  lymphatic  vessel  nearly  occluded  by  an  ingrowth  of  granulation  tissue  and  con- 
taining two  portions  of  an  adult  filaria  Bancrofti.    Magnified  38  diameters. 
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During  this  period  of  about  four  years  since  leaving  the  Barbadoes  he  has 
never  been  perfectly  well  and  strong,  but  he  has  never  had  a  severe  attack 
similar  to  those  from  which  he  suffered  at  home.  On  an  average  of  about 
once  a  month  he  would  have  a  chill,  followed  by  moderate  fever  for  a  few 
days.  There  would  be  a  dragging  sensation  in  the  left  groin,  but  no  particu- 
lar pain,  and  he  felt  languid  and  unable  to  work.  At  times  there  was  pain 
in  the  back.  It  was  one  of  these  attacks  that  caused  him  to  enter  the  hos- 
pital in  September,  but  as  he  attributed  the  condition  to  heavy  lifting,  and  was 
apparently  well  in  two  days,  the  true  cause  was  not  detected. 

On  leaving  the  hospital  he  resumed  his  work,  but  found  that  he  got  tired 
easily  and  could  not  work  regularly,  and  was  becoming  discouraged.  He  had 
made  up  his  mind  to  return  to  Barbadoes,  when  he  had  another  attack  of 
pain  in  the  back  and  left  groin,  followed  by  increased  malaise  and  mental 
depression,  and  he  entered  the  hospital  again,  when  we  saw  him  for  the  first 
time.  All  of  this  history,  however,  he  carefully  avoided  telling  us,  thinking 
that  it  had  nothing  to  do  with  his  present  complaint. 

21 5^.  Second  Operation.  Having  established  the  diagnosis  beyond  question, 
he  was  advised  to  have  this  whole  tumor  mass  in  the  left  scrotum  removed, 
if  thought  advisable  at  the  time  of  operation,  and  he  readily  consented.  On 
the  morning  of  the  operation  there  were  no  embryos  found  in  the  blood.  The 
skin  of  the  scrotum  was  still  perfectly  normal  and  the  inguinal  glands  were 
not  enlarged  nor  tender.  The  tumor  mass,  which  consisted  of  the  left  testis, 
together  with  some  fluid  in  the  tunica  vaginalis,  was  not  tender. 

Under  ether  narcosis  the  original  incision  was  extended  a  short  distance  on 
to  the  scrotum,  the  skin  dissected  from  the  tumor,  and  the  whole  mass  re- 
moved without  cutting  into  any  part  of  it.  The  wound  was  closed  without 
disturbing  the  site  of  the  first  operation.  At  9  p.m.  no  embryos  were  found 
in  the  blood. 

So  far  as  the  wound  was  concerned  the  patient  made  an  uninterrupted  con- 
valescence. 

Examination  of  the  Excised  Tumor.  The  specimen  consists  of  a  testicle 
with  the  intact  sac  of  the  tunica  vaginalis.  The  mass  is  ovoid  in  shape,  10 
cm.  long,  6.5  cm.  wide,  4.75  cm.  thick.  The  sac  contains  about  50  c.cm.  of  a 
yellow  semi-opaque  fluid.  The  tunica  vaginalis  is  smooth  and  glistening. 
The  parietal  layer  is  slightly  thickened  and  semi-opaque.  The  spermatic 
cord  at  the  point  sectioned  is  1.5  cm.  in  diameter.  Near  the  testicle  it  en- 
larges greatly,  measuring  5  cm.  in  thickness.  Between  the  cord  and  the 
globus  major  is  a  soft  wedge-shaped  mass  3  cm.  in  width,  composed  of  trans- 
lucent distended  vessels  and  oedematous  fat.  The  testicle  weighs  eighty 
grammes.  The  globus  major  is  greatly  enlarged,  measuring  3  cm.  in  width. 
It  is  soft,  almost  gelatinous,  and  its  surface  is  marked  by  tortuous  dilated 
lymph  vessels  averaging  1  mm.  in  width.  The  globus  minor  and  the  body 
of  the  epididymis  are  nearly  of  normal  size.  The  testis  propria  measures 
5.5  X  4  X  3.5  cm.  It  is  very  oedematous.  The  tubules  tease  out  readily.  The 
testicle  is  sectioned  in  its  long  diameter    After  a  few  minutes'  inspection  of 
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the  cut  surface  a  writhing  coil,  6  mm.  in  size,  is  discovered  upon  the  body 
of  the  epididymis.  A  single  thread  1.5  cm.  long  extends  from  this  mass 
across  the  mediastinum  testis.  A  free  end  projects  from  the  top  of  the  coil. 
Haifa  cm.  nearer  the  inferior  border  of  the  testicle  is  a  smaller  mass.  The 
worms  are  white,  opaque,  and  thread-like.  When  the  testicle  is  immersed 
in  warm,  normal  salt  solution  the  writhing  and  the  coiling  of  the  worms  is 
quite  active.  When  detached  from  the  surface  by  gentle  manipulation  they 
quickly  anchor  themselves  to  the  surface  again.  Another  tightly-coiled  bunch 
is  soon  seen  gradually  to  rise  into  view  near  the  mass  first  discovered. 

It  was  subsequently  found  that  this  third  mass  consisted  of  six  worms,  two 
males  and  four  females.  One  of  the  males  was  complete.  Of  the  others  only 
their  heads  and  portions  of  their  bodies,  varying  from  1  to  4  cm.  in  length, 
were  obtained. 

In  salt  solution  the  movements  of  the  worms  continued  over  six  hours — 
i.  e.,  until  11  p.m.    The  next  morning  all  were  dead. 

The  two  masses  first  discovered  presented  the  appearance  shown  in  Plate 
III.,  Fig.  8, 1,  and  ii.  They  were  carefully  detached  from  the  testicle  and 
preserved  in  5  per  cent,  formalin.  Each  mass  consists  of  a  single  female 
worm.  The  pointed  tapering  anterior  end  is  well  shown  in  Plate  III.,  Fig.  8,  i. 
When  the  testicle  was  incised  the  bodies  of  these  worms  must  have  been  cut 
and  the  prolapsed  uterine  tubes  and  digestive  tract  then  became  inextricably 
intertwined  with  the  coils. 

The  following  morning  an  entire  female  worm  was  discovered  by  Dr.  Mal- 
lory  on  the  outer  surface  of  the  testicle.  It  had  evidently  crawled  out  of  the 
tissue  into  the  warm  salt  solution.  When  found  it  presented  the  appearance 
shown  in  the  photograph  (Plate  III.,  Fig.  8,  iii.). 

22d,  5  P.M.  A  few  filarise  found.  Blood  examination  by  Dr.  Steensland: 
8000  leucocytes,  6,016,000  red  blood  corpuscles. 

Differential  count : 


Small  lymphocytes 
Large  lymphocytes 
Transitionals 

Polymorphonuclear  leucocytes 
Eosinophiles 


.  38.2  per  cent. 
0.2 
1.2      1.4      " 

.  55.8      " 

.  4.6      " 


100  per  cent. 
500  leucocytes  counted. 

23c?,  8.30  P.M.  Fourteen  filarise  found  in  one  drop  of  blood,  eleven  in  an- 
other. 

Haemoglobin 93  per  cent. 

Leucocytes 7400. 

2Qth.  Patient  is  suffering  from  pain  in  the  right  ear,  from  which  there  is  a 
moderate  amount  of  serous  exudate  escaping.  Diagnosis :  Acute  otitis  media. 
No  embryos  found  in  the  exudate. 


PLATE   III. 

Fig.  8. 


Female  filarise  Bancrofti.    Twice  natural  size. 
I.  and  II.  Two  coils  as  they  appeared  on  the  cut-surface  of  the  testicle.    Each  consists  of  a 
single  female  worm,  somewhat  mutilated ;  their  bodies  have  been  cut  in  two  and  the,  uterine 
tubes  and  digestive  tract  have  been  extruded.    III.  Complete  female  worm. 


Fig.  9. 


Adult  male  filaria  Bancrofti.    Magnified  10  diameters. 
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SOth.  Feces  examined  ;  no  Charcot-Leyden  crystals  or  other  abnormal  con- 
stituent found. 

A  simple  method  was  devised  for  obtaining  drops  of  blood  of  known  size. 
A  Thoma-Zeiss  pipette  for  red  corpuscles  was  used  and  blood  drawn  up  to 
the  mark  1  on  the  pipette.    Then  the  blood  was  blown  out  upon  a  cover-slip. 

The  "  red  counter  "  had  a  capacity  of  1.2  c.cm.  when  filled  to  the  mark  101. 
Hence,  the  standard  drop  we  used  contained  11.9  c.mm.  of  blood. 

The  average  number  contained  in  two  drops  was  taken,  and  the  number 
of  filarise  in  each  c.cm.  of  blood  calculated. 

31s^.  At  8  P.M.  the  blood  contains  438  filarise  per  c.cm. 

January  Sd.  Beginning  at  noon  yesterday,  two  hourly  counts  were  made  for 
a  period  of  twenty-four  hours  by  Drs.  Low,  Fulton,  and  Steensland.  The 
accompanying  chart  shows  the  nightly  increase  and  decrease  of  filarise  in  the 
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peripheral  blood.  One  slide,  made  at  midnight,  contained  twenty-five  filarise, 
the  equivalent  of  2100  per  c.cm.  This  is  the  largest  number  we  have  ever 
found. 

The  ear  has  become  normal  in  every  respect. 

9^A.  Leucocytes,  3500. 

Differential  count : 

Small  lymphocytes 37.0  per  cent. 

Large  lymphocytes 4.0 

Transitionals 4.5       8.5      " 

Polymorphonuclear  leucocytes     .        .        .        .51.0      " 
Eosinophiles        .        .        *        .        .        .        .      3.5      " 


200  leucocytes  counted. 


100  per  cent. 
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15th.  Patient  discharged  from  hospital.  The  wounds  are  healed  firmly, 
and  there  are  no  signs  of  any  trouble  at  the  site  of  operation. 

June  Ist  Patient  rested  a  month  after  he  left  the  hospital  and  gained 
strength  rapidly.  For  the  last  three  or  four  months  he  has  been  working  as 
an  orderly  at  the  hospital,  a  position  which  requires  heavy  lifting  and  con- 
siderable hard  work. 

Since  operation  he  has  worked  regularly.  He  has  had  no  recurrence  of  the 
old  pains  in  the  back  and  left  groin,  nor  have  the  chills  recurred.  He  has 
gained  in  strength,  and  is  no  longer  troubled  with  periods  of  general  weak- 
ness, malaise,  and  mental  depression. 

The  embryos  still  persist  in  his  blood. 

Case  II. — This  man  is  a  younger  brother  of  the  patient  just  considered, 
and  he  was  asked  by  us  to  come  for  an  examination  more  from  curiosity  than 
with  the  idea  that  embryos  would  be  found. 

He  is  twenty- one  years  old,  was  born  in  Barbadoes,  and  left  the  island  with 
his  brother,  and  they  have  been  together  more  or  less  since.  As  a  rule,  he 
has  always  enjoyed  good  health  and  has  always  been  able  to  go  about  and 
attend  to  his  work.  He  has  never  had  malaria,  but  occasionally  he  has  suf- 
fered from  what  he  calls  "bilious  attacks."  He  has  never  had  any  symptoms 
or  manifested  any  objective  signs  which  could  with  any  degree  of  certainty  be 
attributed  to  filariasis.  The  patient  walked  to  the  laboratory  at  8  p.m.,  and 
the  examination  was  made  at  once. 

It  was  found  that  his  blood  contained  numerous  embryos  of  the  filaria  noc- 
turna,  showing  that  adult  worms  must  be  present  in  his  deeper  lymphatics, 
although  there  is  no  clue  as  to  their  location. 

He  feels  perfectly  well  in  every  respect,  and  his  case  has  not  been  studied 
further. 

History.  Demarquay^  discovered  in  Paris  in  August,  1863,  the 
embryos  of  filaria  Bancrofti.  The  patient,  a  young  man,  a  native  of 
Havana,  suffered  from  a  chylous  hydrocele,  in  the  fluid  of  which  the 
filarise  were  found.  Lemoine,  who  made  the  microscopical  examina- 
tion, writes  as  follows :  ^'  Mais  I'attention  fut  surtout  attired  par  un 
animalcule  de  forme  allong^e  et  cylindrique.  Les  quatre  cinquiemes 
ant^rieurs  du  corps  avaient  a  peu  pres  la  meme  diam^tre.  Le  cin- 
quieme  post^rieur  allait  s'efiilant  de  plus  en  plus  et  se  terminait  par 
une  extr^mit^  excessivement  fine.  Ce  ver  pr^sentait  des  mouvements 
extremement  vifs  d'enroulement  et  de  d^roulement  dans  ses  diverses 
parties  et  surtout  dans  son  extr^mite  terminale."  Demarquay's  paper 
is  accompanied  by  an  admirable  picture  of  the  embryos. 

The  credit  of  the  discovery  is  usually  wrongly  ascribed  to  Wuch- 
erer,^  who,  in  Bahia,  Brazil,  in  August,  1866,  found  embryos  in  the 
urine  of  a  case  of  tropical  chyluria.     lii  1868,  Salisbury,^  in  the 
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United  States,  found  the  ova  in  the  urine.  Lewis,*  in  India,  in  1872, 
discovered  embryos  in  the  blood  of  man,  and  noted  that  their  presence 
was  generally  associated  with  chyluria  and  lymph  scrotum.  He  pro- 
posed the  name  filaria  sanguinis  hominis. 

Much  of  our  knowledge  of  the  life-history  of  the  parasites  is  due  to 
the  really  brilliant  discoveries  of  Patrick  Manson,  whose  scientific 
studies  in  this  field  have  embraced  a  period  of  over  twenty  years.  In 
1878,  Manson^  discovered  that  the  mosquito  was  the  immediate  host. 
This  idea  occurred  almost  simultaneously  to  Bancroft  and  Manson,  but 
to  the  latter  belongs  the  credit  of  demonstrating  its  truth.  Manson 
found  that  the  filaria  embryos,  ingested  with  the  blood,  develop  in  the 
stomach  of  the  female  mosquito.  The  mosquito  seeks  stagnant  water 
in  which  to  deposit  her  eggs ;  when  death  occurs  the  filarise  are  liber- 
ated, and  if  the  water  be  drunk  they  pass  into  the  human  body. 

Lewis^  confirmed  Manson's  discovery  and  described  and  depicted 
the  development  of  the  larvae  in  mosquitoes.  He  showed  that  some 
of  the  filarise  pierced  the  walls  of  the  mosquito's  stomach  and  under- 
went developmental  changes  in  the  abdominal  and  thoracic  tissues. 

It  was  these  observations  upon  the  mosquito  that  led  Manson^  to 
suggest  to  Major  Ross,  in  1896,  that  it  might  also  be  the  intermediate 
host  of  the  malarial  parasite. 

Filarial  periodicity  was  discovered  by  Manson.^  He  found  that  the 
embryos  were  present  in  the  peripheral  circulation  only  during  the 
night.  He  believes  this  periodicity  is  an  adaptation  to  the  habits  of 
the  mosquito. 

Mackenzie^  showed  that  if  the  patient's  habits  were  reversed,  so 
that  he  slept  by  day  and  worked  by  night,  the  filarial  migration  was 
reversed.  Mackenzie  gives  a  chart  of  the  filarial  curve,  showing  the 
daily  rise  and  fall  most  graphically.  A  blood  examination  was  made 
every  three  hours,  day  and  night,  for  a  period  of  ten  weeks. 

Manson^"  has  recently  been  able  to  demonstrate  that  filarise  when 
absent  from  the  cutaneous  circulation  are  lodged  in  the  larger  blood- 
vessels, especially  of  the  lungs. 

In  addition  to  the  well-known  filaria  sanguinis  hominis  of  Lewis, 
there  are  a  number  of  other  species.  Six  have  now  been  described. 
Manson^^  has  named  the  original  hsematozoan  of  Lewis,  filaria  noc- 
turna ;  the  others  he  calls  filaria  diurna,  filaria  perstans,  filaria  Demar- 
quaii,  filaria  Ozzardi,  and  filaria  Magalhaesi. 
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The  filaria  nocturna  and  the  filaria  perstans  are  the  only  ones  that 
are  thought  to  be  pathogenic.  In  1891,  Manson^^  found  the  embryo 
form  of  filaria  perstans  in  the  blood  of  a  negro  from  the  west  coast  of 
Africa.  It  observes  no  periodicity,  being  found  in  the  peripheral 
circulation  both  day  and  night.  It  is  much  smaller  than  the  filaria 
nocturna  and  differs  somewhat  in  structure.  The  adult  worm  was 
discovered  by  Daniels^^  in  British  Guiana  in  1898.  Manson  regards 
the  filaria  perstans  as  the  possible  cause  of  the  sleeping  sickness  of 
the  negroes  of  the  west  coast  of  Africa,  and  the  skin  disease  craw- 
craw. 

The  most  important  of  these  parasites  is  the  filaria  nocturna.  The 
adult  form  of  this  organism  was  not  discovered  until  1876.  On  De- 
cember 21st  of  that  year  Bancroft,  of  Brisbane,  Australia,  found  the 
female  worm  in  a  lymphatic  abscess  of  the  arm.  In  July,  1877,  this 
fact  was  announced  by  Cobbold^^  in  the  Lancet.  Cobbold  named  the 
parasite  the  filaria  Bancrofti  in  honor  of  the  discoverer. 

Filariasis  is  widely  distributed  throughout  tropical  and  subtropical 
countries.  It  occurs  in  a  large  part  of  China  and  India,  in  Japan, 
Australia,  and  the  South  Sea  Islands.  Thorpe^^  has  shown  that  32 
per  cent,  of  the  inhabitants  of  the  Friendly  Islands  are  affected. 
Strube^^  found  the  embryos  in  the  blood  of  negroes  from  the  Trans- 
vaal. The  disease  occurs  in  Spain,  and  is  very  common  in  Brazil 
and  the  West  India  Islands.  Guit^ras/'^  in  1886,  called  attention  to 
the  existence  of  the  disease  in  the  Southern  States.  He  found  four 
cases  in  Key  West  and  one  in  Charleston,  S.  C.     De  Saussure/^  in 

1890,  published  a  report  of  twenty-two  cases  he  had  observed  in 
Charleston.  The  city  had  been  in  constant  communication  with  the 
West  Indies,  and  doubtless  the  disease  was  introduced  into  this  coun- 
try from  those  islands. 

Filariasis  occurs  particularly  along  the  Gulf  and  South  Atlantic 
coast.  Many  of  the  cases  have  been  imported  into  this  country,  but 
in  1888,  Mastin^^  reported  an  indigenous  case  in  Mobile.  De  Saus- 
sure's  twenty-two  cases  were  of  this  nature.     Slaughter^^  recorded,  in 

1891,  two  cases  indigenous  to  the  northern  part  of  Virginia.  Dunn^^ 
recently  found  the  filaria  embryos  in  a  woman  who  had  always  lived 
in  Pennsylvania. 

So  far  as  we  know,  the  adult  worms  have  never  hitherto  been  found 
in  this  country. 
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Specimens  of  Adult  Filaria  Bancrofti  Previously  Founi). 

Bancroft,  in  a  letter  to  Cobbold,  dated  from  Brisbane,  Queensland, 
April  20,  1877,  said :  ''  I  have  now  obtained  five  specimens  of  the 
worm.  .  .  .  The  worm  is  about  the  thickness  of  a  human  hair 
and  is  from  three  to  four  inches  long.  My  first  specimen  I  got  on 
December  21,  1876,  from  a  lymphatic  abscess  of  the  arm — this  was 
dead.  Four  others  I  obtained  alive  from  a  hydrocele  of  the  spermatic 
cord,  having  caught  them  in  the  eye  of  a  peculiar  trocar  I  use  for 
tapping.  These  I  kept  alive  for  a  day,  and  separated  them  from  each 
other  with  great  difficulty."  The  worms  were  preserved  in  glycerin 
and  sent  to  Cobbold,^^  who  described  them.  They  were  all  females  ; 
only  one  of  them  was  tolerably  perfect. 

On  August  7,  1877,  Lewis^  found  in  a  blood-clot  from  a  lymph 
scrotum  after  a  continuous  search  for  eight  hours,  portions  of  a  male 
and  a  female  worm.  The  male  worm  was  torn  across  in  two  places, 
and  the  terminal  ends  were  missing,  and  the  tail  of  the  female  could 
not  be  found.  The  male  was  twisted  about  a  portion  of  the  female  and 
was  separated  only  with  difficulty. 

On  November  12,  1877,  dos  Santos,^^  in  Brazil,  found  five  adult 
females  in  a  lymphatic  abscess  of  the  arm ;  only  one  worm  was  com- 
plete.* 

In  1881,  Manson,^  in  Amoy,  China,  opened  an  abscess  of  the  thigh, 
and,  by  passing  a  needle  rapidly  through  some  dark,  grumous  clots 
that  escaped  with  the  pus,  succeeded  in  finding  three  or  four  frag- 
ments of  a  female  worm. 

In  the  same  year  he  found  a  female  filaria  in  a  dilated  lymphatic 
in  a  case  of  lymph  scrotum.  On  attempting  to  withdraw  it  the  body 
snapped  across.  The  specimen  of  lymph  scrotum,  with  half  the  worm 
in  situ,  was  shown  at  the  London  Pathological  Society. 

In  1888,  Sibthorpe,^^  of  Madras,  India,  found  two  worms,  a  male 
and  female,  upon  the  cut  surface  of  a  lymph  scrotum.  The  specimens 
were  studied  by  Bourne.  The  tail  of  the  female  was  wanting.  The 
male  specimen  was  about  an  incli  and  a  quarter  long  (3.1  cm.).     The 

*  We  doubt  somewhat  whether  the  filariae  which  das  Santos  found  belonged  to  the  species 
under  consideration.  His  description  does  not  conform  with  that  of  the  filaria  Bancrofti  in  all 
details.  In  deference  to  the  opinion  of  such  an  authority  as  Cobbold,25  however,  we  have  in- 
cluded this  case. 
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anterior  extremity  was  not  present.  The  male  worm  showed  a  great 
tendency  to  coil. 

In  1894,  Maitland/'^  of  Madras,  India,  removed  some  thickened 
tissues  from  the  inner  surface  of  the  left  upper  arm  of  a  man  who  a 
short  time  before  had  suffered  from  lymphangitis  in  that  region.  Two 
operations  were  performed.  The  tissues  removed  were  macerated  in 
a  mixture  of  nitric  acid  and  chlorate  of  potash.  In  the  lump  first  re- 
moved seven  adult  worms,  and  in  the  second,  one  were  found.  Three 
of  these  were  males  and  five  females.  '^  Those  first  discovered  were 
coiled  up  together  in  a  mass,  and  appeared  as  if  lying  in  a  lymphatic 
channel,  but  owing  to  the  maceration  of  the  tissue  it  was  difficult  to 
be  certain  of  this.  .  .  .  An  interesting  point  in  the  case  just 
related  is  the  great  number  of  the  parasites  that  were  found,  and  also 
the  fact  that  they  appeared  to  be  all  intimately  associated  with  one 
another.  So  far  as  we  know,  such  a  large  number  of  these  parasites 
have  never  before  been  found  in  one  individual,  nor  have  they  been 
found  coiled  together  in  one  mass  as  a  number  of  these  were."  Hait- 
ian d  mounted  six  of  the  worms  in  balsam  and  sent  them  to  Manson 
who  described  and  identified  them.  The  tails  of  two  of  the  females 
were  missing,  but  the  three  males  were  complete. 

Huber^^  states  that  Czerny  found  a  living  female  filaria  in  the  ovary 
of  a  woman  from  Rio  de  Janeiro.  In  1897,  Young,^^  in  London,  re- 
moved a  hard,  nodular  mass  from  the  arm  of  a  young  sailor,  a  native 
of  Jamaica,  who  had  lived  in  the  West  Indies,  the  United  States,  and 
Canada,  who  suffered  from  lymph  scrotum  and  varicose  groin  glands. 
After  several  hours'  examination  of  the  tissue  he  noticed  lying  across 
his  forefinger  "a  long  white  thread  about  the  size  of  a  horsehair."  It 
proved  to  be  a  female  filaria.  Later  the  man  committed  suicide.  An 
autopsy  was  performed.  From  a  cut  in  a  lymphatic  of  the  right  groin 
a  small  bundle  was  seen  to  emerge,  looking  like  a  tiny  coil  of  very 
thin  catgut.  This  was  unravelled  in  normal  saline  solution  and 
proved  to  consist  of  heads  and  part  of  the  bodies  of  three  female 
filaria  Bancrofti.  In  the  lymphatics  of  the  right  spermatic  cord  six 
more  female  worms  were  found,  all  more  or  less  mutilated  in  the  dis- 
section. In  the  left  spermatic  cord  seven  worms  were  found.  One 
of  these  was  a  male;  it  was  an  inch  and  a  half  long  (3.75  cm.).  It 
was  in  four  pieces,  and  the  tail  was  not  discovered.  Thus,  in  all, 
seventeen  worms  were  obtained.     Only  one  of  these  was  a  male. 
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In  the  case  here  reported  nine  worms  were  found  in  the  lymphatics 
of  the  epididymis.  Two  of  these  were  males.  One  of  the  males  and 
one  of  the  females  were  complete.  The  others  were  more  or  less 
mutilated. 

Altogether  we  have  collected  eleven  cases  in  which  the  adult  filaria 
Bancrofti  was  discovered.  In  these  cases  fifty-one  specimens  of  the 
worm  have  been  found  and  studied.  Forty-three  were  females ;  eight 
were  males.     The  worms  have  rarely  been  found  intact  and  complete. 

Lewis,  in  1877,  was  the  first  to  discover  the  male.  Both  the  tail 
and  the  head  were  missing  in  his  specimen.  Sibthorpe  found  the 
male  again  in  1888.  The  tail  was  present,  but  the  head  was  gone. 
Maitland,  in  1894,  obtained  three  complete  males.  Young,  in  1897, 
found  a  mutilated  specimen.  In  our  case  two  males  were  found,  one 
of  which  was  uninjured. 

Location.  The  worms  have  been  found  three  times  in  a  lymph 
scrotum  (Lewis,  Manson,  Sibthorpe).  Once  in  hydrocele  fluid  (Ban- 
croft). Once  in  the  epididymis  (case  reported  by  the  writers).  Once 
in  the  ovary  (Czerny).  Once  in  the  spermatic  cord  (Young).  Four 
times  in  the  arm  (Bancroft,  Maitland,  Young,  dos  Santos).  Once  in 
the  leg  (Manson).  Thus  we  see  that  in  seven  of  the  eleven  cases  the 
worms  have  been  found  in  close  relation  to  some  part  of  the  gener- 
ative system. 

In  1886,  Magalhaes,^''  of  Rio  de  Janeiro,  found  two  adult  worms,  a 
male  and  female,  in  the  left  ventricle  of  the  heart.  He  regarded  them 
as  filariae  Bancrofti.  They  are  twice  as  long  as  the  filaria  Bancrofti, 
and  diff'er  in  structure.  Unfortunately,  the  description  of  Magalhaes 
filaria  has  crept  into  some  of  the  best  text-books  of  helminthology  and 
medicine  under  the  heading  of  the  filaria  Bancrofti. 

Description  of  the  Adult  Worms.  The  male  worm  is  shorter  than 
the  female.  The  intact  specimen  is  shown  in  Plate  III.,  Fig.  9, 
magnified  ten  times  the  natural  size.  The  tail  has  a  tendril-like  twist, 
and  the  end  is  rounded  and  blunt.  The  worm  is  3.86  cm.  long ;  the 
body  is  0.120  mm.  in  diameter ;  the  head  0.051  mm. ;  the  neck  0.043 
mm. 

The  female  measures  between  7  and  9  cm.  in  length.  The  anterior 
extremity  is  tapering,  but  under  the  microscope  the  head  is  seen  to 
be  somewhat  club-shaped.  The  mouth  is  unprovided  with  papillae. 
A  transverse  section  of  the  head  and  neck  resembles  somewhat  the 
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shape  of  a  Maltese  cross.  The  diameter  of  the  head  is  0.068  mm. 
The  diameter  of  the  neck  0.051  mm.  The  diameter  of  the  worm  is 
greatest  near  the  middle  of  the  body,  where  it  measures  0.240  mm. 
The  surface  is  slightly  irregular.  During  life  transverse  striations 
or  corrugations  were  visible.  These  were  probably  caused  by  con- 
tractions of  the  subjacent  muscular  wall.  The  mouth  is  situated  in 
the  centre  of  the  anterior  end.  The  vagina  opens  near  the  head,  the 
distance  varying  from  0.72  mm.  to  1.3  mm.  in  different  specimens. 
The  anal  orifice  is  near  the  tip  of  the  tail,  which  is  rounded  and 
blunt. 

The  anatomy  of  the  worm  is  best  studied  in  serial  sections.  Por- 
tions of  different  worms  were  embedded  in  celloidin.  Transverse 
sections  were  cut  and  stained  with  hsematoxylin  and  eosin.  The 
digestive  tract  passes  down  in  the  centre  of  the  worm  until  the  vagina 
is  reached.  The  two  tubes  then  run  side  by  side.  Lower  down  the 
greater  part  of  the  worm  is  occupied  by  the  uterus,  and  the  digestive 
tract  is  situated  in  the  musculo-cutaneous  wall.  The  vagina  is  2.4 
mm.  long  and  has  a  thick,  homogeneous  wall.  The  uterus  is  com- 
posed of  two  thin-walled  tubes  which  unite  anteriorly.  These  tubes 
and  the  digestive  canal  are  intertwined  so  that  they  have  a  braided 
appearance.  The  uterine  tubes  are  of  equal  size,  thin  and  structure- 
less. The  digestive  tube  appears  about  one-third  the  size  of  the  uterine 
tubes  in  the  fresh  specimen,  and  presents  a  granular  appearance. 
The  uterine  tubes  are  filled  with  ova  and  embryos  in  various  stages 
of  development.  The  ova  average  0.035  mm.  in  size.  The  smaller 
embryos  are  coiled  up  and  surrounded  by  a  thin,  structureless  mem- 
brane— the  chorion — and  measure  0.050  to  0.060  mm.  in  their  long 
diameter. 

Manson^^  found  that  the  females  were  brown,  while  the  males  were 
colorless.  The  specimens,  however,  upon  which  he  based  this  state- 
ment had  been  removed  from  tissues  macerated  in  a  mixture  of  nitric 
acid  and  chlorate  of  potash  and  then  mounted  in  Canada  balsam.  All 
our  worms  were  white  and  opaque  and  resembled  white  threads.  But 
we  have  noticed  that  when  portions  of  the  female  worms  were  placed 
in  impure  alcohol,  or  salt  solution,  or  became  somewhat  dried,  that 
the  walls  of  the  uterine  tubes  assumed  a  brownish  hue,  giving  the 
worms  the  appearance  described  by  Manson. 

Bourne,^^  and  later  Manson,^^  showed  that  the  tail  of  the  male  is 
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provided  with  two  spicules,  which  are  retracted  within  the  cloaca.  In 
our,  complete  worm,  owing  to  the  coiling  of  the  tail,  it  was  not  pos- 
sible to  demonstrate  the  presence  of  these  spicules  without  danger  of 
mutilating  the  specimen. 

Some  authors  laj  stress  upon  the  fact  that  the  males  show  a  great 
tendency  to  become  coiled.  This  is  doubtless  true.  But  the  female 
worms  also  may  twist  themselves  into  inextricable  coils, 

Pathological  Changes  in  the  Tissues.  Tissues  were  hardened 
in  Zenker's  fluid  and  in  10  per  cent,  formalin.  The  greater  part  of  the 
wall  of  the  thickened  lymphatics  is  composed  of  muscle  tissue.  This 
is  beautifully  shown  in  preparations  stained  with  Mallory's  connec- 
tive-tissue stain.  The  endothelium  appears  normal.  Between  it  and 
the  muscle  tissue  is  a  layer  of  connective  tissue,  and  surrounding  the 
groups  of  muscle  bundles  are  large  bands  of  connective  tissue  which 
pass  from  the  intima  to  the  adventitia.  There  are  no  areas  of  degen- 
eration. 

Sections  stained  with  Weigert's  elastic-tissue  stain  show  many  deli- 
cate elastic  threads  surrounding  the  muscle  bundles.  In  the  intima 
is  a  marked  new  formation  of  elastic  tissue.  The  elastic  fibres  are 
arranged  in  loops  extending  from  the  media  to  the  endothelium  of  the 
intima. 

We  have  seen  a  similar  process  of  muscular  hypertrophy  in  the 
dilated  and  thickened  veins  of  varicoceles.  Soboroff,^  many  years 
ago,  stated  that  he  observed  a  constant  hypertrophy  of  the  muscle 
fibres  of  the  media  in  varicose  conditions  of  the  veins.  But  the  re- 
markable muscular  hypertrophy  that  occurs  in  many  cases  of  varico- 
cele has  received  but  little  attention  from  recent  writers.  The  new 
formation  of  elastic  tissue  in  the  walls  of  the  lymphatics  is  analogous 
to  that  recently  described  by  Janni^^  in  varicose  veins. 

Although  all  parts  of  the  testicle,  epididymis,  and  spermatic  cord 
were  examined  histologically,  the  adult  worms  were  found  only  in  the 
body  of  the  epididymis. 

Sections  through  the  tissue  upon  which  the  mass  of  adult  worms 
had  been  discovered  showed  portions  of  one  or  more  female  worms 
lying  in  large  lymphatic  spaces  five  to  ten  times  the  diameter  of  the 
worm.  The  small  digestive  tract  and  the  larger  uterine  tubes  are 
readily  demonstrable.  There  are  no  signs  of  inflammatory  reaction 
in  the  wall  of  the  lymphatics  that  contain  the  worms. 

AmPhys  19 
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In  some  of  the  lymph  vessels  are  embryo  filarise.  Throughout  the 
fibrous  tissue  between  the  lymphatics  are  numerous  foci  of  lymphoid 
cells.  It  is  interesting  to  note  in  this  connection  that  Dr.  Steensland 
found  an  increase  in  the  number  of  small  lymphocytes  in  each  of  the 
three  differential  blood-counts  that  he  made. 

One  large  lymph  vessel  is  almost  completely  obliterated  by  a  mass 
of  granulation  tissue,  in  the  interior  of  which  are  apparently  two  por- 
tions of  an  encysted  necrotic  worm.  With  the  exception  of  a  clear 
zone  immediately  around  the  worm  the  ingrowth  is  densely  infiltrated 
with  lymphoid  cells  and  eosinophiles. 

A  search  of  the  literature  reveals  only  one  case  in  which  an  adult 
filaria  has  been  found  in  the  tissues  on  histological  examination. 
Marie^  discovered  a  dead  female  worm  in  an  inguinal  lymph  node 
removed  from  a  man  affected  with  filariasis.  The  worm  was  sur- 
rounded by  pseudotuberculous  tissue. 

Our  observation  explains  one  method  by  which  the  large  lymphatic 
vessels  may  be  occluded  and  lymph  stasis  produced.  A  worm  dies 
and  gives  rise  to  a  thrombus,  which,  as  a  rule,  probably  only  partially 
blocks  the  vessel,  as  the  lumina  of  the  dilated  lymphatics  are  many 
times  the  diameter  of  the  worm.  Later  a  growth  of  connective  tissue 
extends  from  the  wall  of  the  vessel  into  the  lumen.  It  surrounds  the 
dead  worm  and  obliterates  the  lymph  channel. 

It  is  not  at  all  impossible  that  the  lymph  stasis  may  also  be  pro- 
duced in  other  ways.  Manson  found  ova  in  a  lymph  node.  These 
he  assumed  were  discharged  prematurely  from  an  adult  worm,  and 
having  a  larger  diameter  than  the  embryos  they  would  block  the 
minute  branches  into  which  the  afferent  lymphatics  break  up  in  the 
lymph  node. 

It  is  known  that  the  worms  may  live  for  many  years  in  the  body. 
Our  patient  left  the  West  Indies  four  years  before  the  time  of  oper- 
ation.    Hence,  the  live  adult  worms  were  at  least  four  years  old. 

Description  of  the  Filaria  Embryos.  The  embryos  measure 
0.260  to  0.300  mm.  in  length,  and  0.006  to  0.008  mm.  in  breadth. 
Their  anterior  end  is  rounded.  Their  tail  is  pointed.  It  is  enclosed 
in  a  thin,  transparent  sheath  which  is  much  longer  than  the  worm. 
Rarely  the  filaria  can  be  seen  moving  forward  and  backward  within 
its  sheath.  The  collapsed  sheath  extending  beyond  the  head  often 
appears*like  a  single  waving  cilium  lashing  the  red  blood-corpuscles 
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at  some  distance,  0.030  to  0.040  mm.,  in  advance  of  the  head.  The 
embryos  are  in  constant  motion,  writhing,  coiling  and  uncoiling,  but 
they  never  exhibit  a  true  progressive  movement. 

In  the  hydrocele  fluid  many  empty  sheaths  were  found  after  it  had 
stood  in  the  laboratory  forty-eight  hours.  Manson^^  produced  this 
ecdysis  by  cooling  blood  which  contained  filarige  nearly  to  the  freezing- 
point.  The  embryos  have  remained  alive  as  long  as  five  days  in 
a  cover-slip  preparation  of  the  blood  kept  at  room  temperature. 
They  seem  to  undergo  a  granular  degeneration.  Henry^^  states  that 
he  has  kept  them  alive  in  a  cool  room  for  ten  days.  In  the  ther- 
mostat at  37.5°  C.  they  usually  die  in  two  or  three  days.  When  the 
lashing  movements  of  the  body  had  nearly  ceased  a  peculiar  "  pout- 
ing "  movement  of  the  head  was  observed.  Whether  this  was  due  to 
the  protrusion  of  a  proboscis  or  the  retraction  of  a  prepuce-like  struc- 
ture, as  Manson^^  maintains,  we  were  not  able  to  determine.  Attached 
to  the  tip  of  the  head  is  a  tiny  spine.  The  pouting  movement  was 
found  to  be  repeated  twenty-eight  to  thirty  times  in  a  minute. 

The  structure  of  the  embryos  was  best  studied  by  fixing  ordinary 
cover-slip  preparations  of  the  blood  by  heat  or  by  a  saturated  solution 
of  corrosive  sublimate,  as  recommended  by  Plehn,^^  and  staining  for  a 
few  seconds  with  Lofiler's  methylene-blue  or  with  a  2  per  cent,  solu- 
tion of  thionin.  When  stained  the  body  is  found  to  be  studded  with 
irregular,  deeply-staining  granules.  Near  the  junction  of  the  middle 
and  posterior  thirds  of  the  body  is  an  elongated  homogeneous  structure 
of  wavy  outline.  Sometimes  it  is  plainly  visible  in  living  embryos. 
Sometimes  no  trace  of  it  can  be  seen. 

Flint^^  has  advocated  methylene-blue  in  the  treatment  of  filariasis, 
while  Laveran  and  others  have  recommended  quinine. 

The  following  experiments  were  tried  with  the  hydrocele  fluid  :  A 
drop  of  hydrocele  fluid  was  mixed  with  a  drop  of  1 :  1000  methylene- 
blue  solution.  The  filarise  were  actively  motile  after  two  hours.  A 
drop  of  quinine  sulphate  solution  1 :  1000  was  mixed  with  a  drop  of 
hydrocele  fluid.  Some  filarige  became  motionless  within  a  few  seconds ; 
all  within  three  minutes.  These  results  agree  with  those  obtained  by 
Laveran.^^ 

Neither  of  our  patients  was  ansemie.  The  red  count  in  Case  I.  was 
about  5,000,000.  Lazarus"*^  in  his  recent  work  states  that  filariasis 
is  the  cause  of  severe  anaemia.    Doubtless  the  complications,  hsemato- 
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chyluria,  chylous  diarrhoea,  etc.,  may  produce  this  condition,  but  the 
filaria  embryos  per  se  do  not  appear  to  impoverish  the  blood  at  all. 

Clinical  Conditions  Pkoduced  by  the  Presence  of  Filaria 
NocTURNA.  (The  other  varieties  of  filarise  will  not  be  considered  in 
the  following  pages.) 

The  presence  of  filaria  embryos  in  the  blood  or  other  fluids  of  the 
body  is  proof  of  the  existence  of  live  parent  worms  whose  habitat  is 
in  some  portion  of  the  lymphatic  system.  The  duration  of  life  of  the 
parent  worm  is  unknown,  hence  it  has  not  been  determined  how  long 
a  person  may  remain  a  victim  of  filariasis.  Even  if  the  adult  worms 
should  die  the  patient  is  liable  to  be  reinfected  in  tropical  districts. 
It  is  very  common  for  inhabitants  of  the  tropics  to  harbor  the  filaria 
nocturna  and  yet  show  no  symptoms  that  would  lead  one  to  suspect 
its  presence. 

There  is  no  evidence  which  shows  that  the  parent  worms  live  in 
other  than  the  lymphatic  vessels,  or  that  they  migrate  from  one  part 
of  the  body  to  another.  The  very  meagre  evidence  showing  that  a 
subject  ever  gets  rid  of  the  embryos  when  once  infected  points  to  the 
fact  that  the  parent  worms  are  multiple  and  abide  in  difi'erent  loca- 
tions. We  can  find  no  authentic  cases  where  the  embryos  have  disap- 
peared after  the  removal  of  parent  worms,  which  demonstrates  that 
others  still  remain;  although  such  removal  is  very  frequently  followed 
by  complete  and  permanent  relief  from  all  symptoms.  Hence,  one 
may  be  a  victim  of  filariasis  and  yet  not  suff'er  any  inconvenience. 

So  far  as  known,  the  embryos  do  not  cause  any  pathological  changes, 
for  their  small  size  enables  them  to  be  carried  freely  throughout  the 
circulatory  system. 

The  parent  worms,  on  the  other  hand,  are  capable  of  producing 
many  different  clinical  manifestations,  consequent,  primarily,  on  ob- 
struction to  the  lymph  circulation.  This  obstruction  is  rarely  due 
directly  to  the  worm,  but  is  generally  the  result  of  secondary  changes 
which  thicken  the  walls  of  the  lymphatics,  and  thus  narrow  their 
lumen. 

Furthermore,  the  location  of  the  parent  worm  is  frequently  the  seat 
of  infection,  and  the  presence  of  an  abscess  or  lymphangitis  may  be 
the  first  warning  of  any  trouble  w^hatever.  Manson  suggests  that  the 
ova  are  capable  of  obstructing  the  smaller  lymphatics,  and  thus  he 
accounts  for  certain  pathological  changes. 
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Hence,  the  clinical  manifestations  depend  upon  lymphatic  obstruc- 
tion, complicated  or  not  by  secondary  infection. 
The  symptoms  may  be : 

1.  General  or  constitutional. 

2.  Local,  thus  open  to  wide  variations  according  to  the  part  in- 
volved, whether  as  the  result  of  stasis  alone  or  modified  by  infective 
processes. 

Constitutional  Symptoms.  The  first  warning  of  the  presence 
of  filarise  is  often  given  by  the  more  or  less  sudden  onset  of  constitu- 
tional symptoms  before  any  local  signs  appear.  General  debility  and 
fatigue  after  exertion,  and  irregular  periodical  febrile  attacks  somewhat 
resembling  malaria,  are  common  early  symptoms.  Pain  in  the  back, 
pelvis,  and  groins  is  frequent,  and  it  may  be  very  acute  and  accom- 
panied by  nausea  and  vomiting.  These  attacks  are  generally  relieved 
by  absolute  rest,  and  produced  by  exertion.  Their  increasing  fre- 
quency, together  with  the  appearance  of  local  signs,  particularly  about 
the  genitals,  may  be  accompanied  by  severe  mental  depression,  melan- 
choly and  sexual  neurasthenia. 

When  a  local  area  becomes  -infected  with  pyogenic  organisms  the 
usual  constitutional  disturbances  follow. 

In  certain  mild  cases,  without  local  signs,  where  filarise  have  been 
discovered  in  the  blood,  an  occasional  slight  transitory  febrile  attack 
is  the  only  evidence  of  filarial  disease.  In  other  instances  the  pres- 
ence of  embryos  in  the  blood  is  the  only  evidence  that  apparently 
perfectly  healthy  individuals  are  subject  to  filariasis. 

Local  Manifestations.  Local  signs  consequent  on  the  presence 
of  filariae  are  subject  to  great  variation  according  to  the  part  affected. 
They  are  due  primarily  to  obstruction  of  the  lymphatic  circulation, 
thus  causing  injury,  and  secondarily  to  the  invasion  of  pyogenic  organ- 
isms.    The  changes  due  to  obstruction  progress  slowly. 

Filaria  nocturna  is  known  to  produce  the  following  local  pathologi- 
cal changes : 

(1)  Dilated  lymph  glands — varicose  glands.  (2)  Dilated  lymph 
vessels — lymphangiectasis,  lymphatic  varix.  (3)  Probable  rupture 
of  dilated  varices,  giving  rise  to  chyluria,  chylous  hydrocele  (chylo- 
cele),  and  rarely  chylous  ascites  and  chylous  diarrhoea.  (4)  Cuta- 
neous lymphatic  obstruction  manifested  as  oedema — lymph  scrotum, 
lymph  vulva,  and  probably  elephantiasis  Arabum  of  the  tropics  (Man- 
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son).  (5)  Results  following  pyogenic  infection — cutaneous  lesions, 
lymphangitis,  cellulitis,  abscess.  (6)  Two  or  more  of  these  condi- 
tions may  be  associated  in  the  same  individual. 

1.  Dilated  Lymph  Grlands.  This  condition  is  generally  associated 
with  dilated  lymph  vessels  running  to  and  from  the  glands.  The 
glands  of  the  groin  are  by  far  most  commonly  affected,  and  either  the 
inguinal,  femoral,  or  both  may  be  involved.  It  is  unusual  to  observe 
changes  in  other  lymphatic  glands. 

They  increase  slowly,  and,  as  a  rule,  there  are  no  subjective  symp- 
toms to  attract  the  attention  of  the  patient  until  they  have  attained 
considerable  size.  Then  there  is  a  feeling  of  tension  and  weight. 
Unless  they  are  inflamed  the  skin  over  them  is  normal  and  freely 
movable.  The  glands  themselves  are  soft,  compressible,  doughy  and 
ill-defined,  and  not  ordinarily  tender.  They  decrease  in  size  v^^hen 
patient  is  lying  down,  and  slowly  refill  when  he  is  erect.  The  collec- 
tion of  glands  may  be  as  large  as  the  fist. 

There  should  be  no  difficulty  in  differentiating  them  from  hernise, 
varicocele  and  varicose  saphenous  veins.  They  may  be  aspirated 
safely,  and  the  fluid  will  be  yellow,  white,  or  reddish,  according  to 
circumstances,  and  will  generally  contain  embryos.  The  glands 
themselves  consist  of  a  dilated  meshwork  containing  channels  or  cavi- 
ties filled  with  lymph.  Infection  with  pyogenic  organisms  gives  rise 
to  adenitis  and  peri-adenitis,  which  may  result  in  abscess  formation. 

2.  Dilated  Lymph  Vessels  {Lymphangiectasis).  There  are  occasion- 
ally to  be  seen  on  the  surface  of  the  skin  minute  lymphatic  dilata- 
tions. These  may  suddenly  disappear  or  they  may  rupture  and  allow 
the  escape  of  lymph.  The  larger  lymphatic  trunks  under  the  skin 
are  usually  associated  with  dilated  lymph  glands.  The  case  here 
reported  would  seem  to  be  somewhat  unusual,  for  the  glands  of  the 
groin  were  normal,  but  the  lymphatics  of  the  cord  were  much  dilated 
and  thickened,  as  described  above.  The  lower  end  of  these  lymphatic 
trunks  was  continuous  with  the  lymphatic  dilatations  in  the  testis. 
In  all  probability  there  are  points  of  obstruction  in  the  pelvic  lym- 
phatics of  this  case,  which  condition  alone  would  seem  to  account  for 
the  dilatation  throughout  the  cord.  Clinically  the  condition  resem- 
bled that  of  varicocele. 

When  infected,  a  lymphangitis  results  which  is  manifested  by  the 
usual  red  streak  and  indurated  cord  and  the  ordinary  constitutional 
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reaction.  Infection  of  the  cutaneous  lymphatics  is  common  in  lymph 
scrotum  and  elephantiasis. 

3.  Rupture  of  Dilated  Varices,  {a)  Chyluria.  This  is  one  of 
the  commonest  signs  of  the  presence  of  filariasis.  It  may  be  of  sud- 
den onset,  and  be  the  first  warning  of  any  trouble,  or  it  may  be  pre- 
ceded by  obscure  pains  in  the  lower  abdomen  and  pelvis.  Although 
its  appearance  is  of  comparatively  sudden  origin,  it  is  the  result  of  a 
chronic  process,  which  has  probably  existed  for  months  and  even 
years.  It  is  probably  the  commonest  external  manifestation  of  the 
presence  of  filariasis,  and  it  is  less  apt  to  be  associated  with  other  va- 
rieties of  external  changes. 

It  is  probably  due  to  the  rupture  of  dilated  varices  into  some  por- 
tion of  the  urinary  tract,  either  the  bladder  or  the  kidney.  Autopsies 
on  such  patients  show  that  the  abdominal  and  pelvic  lymphatics  may 
be  enormously  dilated,  thereby  obscuring  some  of  the  retroperitoneal 
structures.  As  a  result  of  such  ruptures  the  contents  of  the  lymphatics 
is  poured  into  the  urinary  tract,  so  that  the  voided  urine  contains  its 
normal  constituents  unaltered  in  addition  to  the  lymph.  The  appear- 
ance of  the  urine  will  vary  according  to  the  character  of  the  lymph, 
but  it  is  generally  turbid.  It  is  apt  to  be  milky-white  soon  after  the 
process  of  digestion  has  commenced  on  account  of  the  excess  of  fat, 
but  later  it  is  paler  on  account  of  the  more  serous  character  of  the 
lymph.  The  urine  may  become  clear  suddenly,  or  remain  chylous 
for  weeks  and  months,  then  become  normal,  and  remain  so  perma- 
nently, but  the  chyluria  is  more  apt  to  recur  at  some  later  period. 
Lanceraux^^  records  a  case  where  it  persisted  fifty  years. 

In  addition  to  the  unaltered  normal  constituents,  the  urine  contains 
the  products  of  the  lymphatics.  It  is  uniformly  turbid  when  voided, 
but  soon  separates  into  three  more  or  less  distinct  layers.  The  great 
bulk  of  the  urine  remains  rather  uniformly  turbid  on  account  of  the 
divided  fat  globules,  but  on  the  surface  is  a  yellowish  layer  due  to 
larger  collections  of  fat,  and  on  the  bottom  of  the  glass  are  clots  of 
fibrin  often  discolored  with  red  blood-corpuscles.  Hemorrhage  is  so 
striking  in  some  cases  that  the  condition  is  often  called  haematochy- 
luria.  These  clots  not  infrequently  form  in  the  bladder  and  cause 
temporary  obstruction.  The  urine  becomes  clarified  when  shaken 
with  ether.  The  microscope  may  show  the  presence  of  active  em- 
bryos. 
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Although  chyluria  is  the  result  of  a  very  chronic  process,  there  are 
certain  recognized  exciting  influences  which  cause  the  dilated  lym- 
phatics to  rupture.  Thus  chyluria  may  appear  in  women  after  par- 
turition and  in  men  after  violent  exercise.  Like  all  inaccessible 
varices,  these  must  be  left  to  take  their  course. 

Chyluria  is  not  directly  dangerous  to  life,  but  an  excessive  loss  of 
chyle  may  cause  debility  and  worry  on  the  part  of  the  patient,  may 
result  in  mental  depression  so  as  to  incapacitate  him  for  all  sorts  of 
active  work.  The  obscure  pains  in  the  back  and  pelvis  are  probably 
due  to  the  over-distended  lymphatics. 

(b)  Chylous  hydrocele.  This  complication  is  the  result  of  obstruc- 
tion of  lymphatics,  so  that  the  chyle  is  poured  into  the  tunica  vagi- 
nalis testis.  In  the  case  which  is  here  reported  the  "chylocele'' 
appeared  for  the  first  time  after  the  primary  operation  at  which  the 
dilated  lymphatics  of  the  cord  were  excised.  This  prevented  the 
normal  return  of  the  lymph  from  the  testis  which  was  provided  for  by 
these  dilated  channels  in  spite  of  partial  obstruction  of  the  lymph 
current.  The  accumulation  began  at  once  after  these  vessels  were 
ligated.  The  presence  of  numerous  parent  worms  in  the  vicinity  of 
the  testis  was  undoubtedly  the  cause  of  this  excessive  escape  of 
lymph,  for  this  operation  was  practically  the  one  employed  in  the 
radical  cure  of  varicocele,  which  is  not  often  followed  by  an  acute 
hydrocele. 

The  physical  signs  of  chylous  hydrocele  do  not  differ  from  those  of 
an  ordinary  hydrocele.  So  far  as  we  could  determine,  the  translu- 
cency  was  nearly  as  pronounced.  Knowing  what  we  did  in  reference 
to  this  case,  the  cause  of  the  fluid  accumulation  was  obvious,  but  under 
other  circumstances,  aspiration  and  microscopical  examination  will 
determine  the  condition.  The  character  of  the  fluid  in  chylous  hy- 
drocele has  already  been  described. 

The  association  of  a  scrotal  tumor  with  varicose  lymph  glands  or 
other  varices  should  make  one  suspicious  as  to  its  nature.  In  patients 
who  have  visited  the  tropics  any  turbid  hydrocele  fluid  should  be  sub- 
jected to  microscopical  examination  in  order  to  determine  the  diag- 
nosis. 

In  cases  of  chylous  hydrocele  it  is  probahle  that  parent  worms  are 
present  in  the  vicinity  of  the  testis,  and  on  more  than  one  occasion 
these  worms  have  been  recovered  from  the  fluid.     Our  case  demon- 
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strates  the  value  of  radical  interference.     In  sixty-two  cases  of  fila- 
riasis  reported  by  Manson  there  were  six  cases  of  "  chylocele." 

These  cases  may  become  infected  and  manifest  the  usual  signs.  A 
lymph  scrotum  is  not  an  unusual  sequence  if  they  are  left  to  take  their 
course. 

(c)  Chylous  ascites  is  probably  a  frequent  complication  where  the 
abdominal  lymphatics  are  involved,  although  there  is  but  little  evi- 
dence, clinical  or  pathological,  to  confirm  this  statement.  The  peri  - 
toneum  would  probably  absorb  the  escaped  lymph,  and  no  harm  result. 
In  the  tropics  the  presence  of  turbid  fluid,  which  could  not  otherwise 
be  accounted  for,  should  make  the  surgeon  suspicious  as  to  its  char- 
acter. 

(d)  Chylous  diarrhoea  is  a  rare  complication. 

4.  Cutaneous  Lymphatic  Obstruction,  (a)  Lymph  scrotum  is  the 
result  of  obstruction  in  the  lymphatics  of  the  integument,  and  is  usu- 
ally accompanied  by  other  external  signs,  most  commonly  by  dilated 
lymph  glands.  The  skin  of  the  scrotum  is  permanently  thickened, 
but  its  surface  remains  intact  for  a  period  at  least.  Vesicles  and 
small  varices  may  appear  on  the  surface,  and  these  may  rupture  later 
and  allow  the  escape  of  lymph.  Its  color  will  vary  according  to 
circumstances,  and  the  amount  may  be  considerable.  Inflammatory 
changes  generally  follow,  and  thus  the  surface  of  the  scrotum  may 
become  eczematous  and  ulcerated,  or  cellulitis  and  abscess  may  appear 
in  the  deeper  layers.  Thus  the  scrotum  becomes  permanently  en- 
larged and  resembles  true  elephantiasis. 

(b)  The  changes  in  lymph  vulva  are  analogous  to  those  in  lymph 
scrotum. 

(<?)  Elephantiasis  Arabum  (tropics). 

It  is  still  a  disputed  question  as  to  whether  this  condition  is  a  mani- 
festation of  filariasis,  but  Manson  offers  many  convincing  arguments 
in  support  of  this  theory.  If  such  is  the  case,  then  elephantiasis  is 
the  commonest  manifestation  of  the  presence  of  filaria.  This  question 
will  not  be  considered  here. 

5.  Results  following  pyogenic  infection:  Cutaneous  lesions,  lym- 
phangitis, cellulitis,  abscess. 

Many  of  these  conditions  have  been  considered. 
It  is  not  unusual,  however,  for  a  patient   to   present  himself  for 
treatment  on  account  of  an  attack  of  lymphangitis  or  abscess,  more 
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particularly  on  the  extremities.  There  is  often  the  history  of  a 
trauma. 

Adult  worms  have  been  found  in  these  lymphatic  abscesses,  after 
the  removal  of  which  local  recovery  follows,  but  in  no  case,  so  far  as 
we  can  learn,  have  the  embryos  permanently  disappeared  from  the 
blood,  showing  that  parent  worms  have  always  existed  elsewhere. 

Ordinarily  a  dead  worm  probably  becomes  encysted,  as  demon- 
strated in  our  case,  but  if  infection  should  take  place,  lymphangitis 
or  abscess  is  the  usual  course,  and  the  dead  worm  may  be  discovered 
in  the  pus.  These  local  signs  of  infection  may  be  the  only  external 
evidence  of  anything  wrong  with  the  patient,  but  an  examination  of 
the  blood  may  reveal  the  presence  of  the  embryos. 

6.  That  two  or  more  of  the  above  conditions  may  be  associated  in 
the  same  individual,  accompanied  or  not  by  secondary  inflammatory 
changes,  need  not  further  be  discussed. 

Course  and  Prognosis.  Cases  of  spontaneous  recovery  are  re- 
corded. There  are  no  recorded  cases,  so  far  as  we  know,  where  oper- 
ation has  been  followed  by  the  permanent  absence  of  embryos,  although 
it  is  common  for  such  patients  to  be  permanently  relieved  of  further 
objective  and  subjective  symptoms.  The  length  of  life  common  to 
the  parent  worm  has  not  been  established,  but  if  the  patients  should 
not  be  exposed  to  later  invasion,  in  all  probability  the  parent  worms 
would  die  in  time  and  no  further  embryos  appear.  Much  of  the 
damage,  however,  sustained  by  the  lymphatics  can  never  be  repaired. 
Most  of  the  cases  which  have  been  studied  thus  far  have  continued  to 
dwell  in  the  tropics  and  are  thus  exposed  to  secondary  invasion. 

In  many  cases  the  parent  worms  reside  in  inaccessible  lymphatics, 
and  therefore  cannot  be  reached,  and  the  case  must  be  left  to  take  its 
course.  In  other  instances  the  parent  worms  are  accessible  to  the 
surgeon,  and  their  removal  is  often  followed  by  great  benefit  and 
sometimes  apparent  recovery,  as  in  our  case,  although  a  few  embryos 
still  exist,  showing  that  he  still  harbors  more  parental  forms.  In  all 
probability  the  number  of  embryos  present  is  a  fair  guide  as  to  the 
number  of  parent  females.  The  embryos  may  be  too  few  to  be  de- 
tected by  casual  examination.  Many  subjects  of  filariasis  escape 
without  any  symptoms,  and  the  embryos  themselves  do  no  harm  so 
far  as  is  known. 

Filariasis,  when  due  to  the  filaria  nocturna,  runs  a  chronic  course 
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and  is  not  a  direct  danger  to  life.  Fatal  issues  have  generally  fol- 
lowed some  intercurrent  infection. 

Certain  local  manifestations  can  be  permanently  relieved  by  surgi- 
cal measures. 

Prophylaxis.  Filariasis  cannot  be  transmitted  directly  from  one 
person  to  another,  for  the  embryos  require  an  intermediary  host  before 
they  can  develop  into  adult  worms.  It  seems  to  have  been  demon- 
strated beyond  question  that  certain  species  of  mosquito  act  as  this 
host,  and  that  the  young  filarise  continue  their  existence  in  water,  and 
are  thus  taken  into  the  system. 

In  filarial  districts  all  sources  of  drinking  water  should  be  pro- 
tected from  mosquitoes.  Cisterns  and  wells  should  be  kept  covered. 
The  only  safe  precaution  is  that  all  drinking-water  should  be  either 
filtered  or  boiled,  and  at  some  future  time  the  filtration  of  the  munici- 
pal water-supply  may  be  demanded.  Reservoirs  should  be  cleaned 
often  and  regularly.  It  is  never  safe  in  such  districts  to  drink  from 
open  streams  and  pools. 

Our  patient  states  that  it  is  customary  for  the  white  population  of 
Barbadoes  to  drink  only  filtered  water,  but  that  he  and  his  brother 
were  in  the  habit  of  drinking  from  any  pool  while  on  hunting  trips. 

In  a  moderate  degree  subjects  of  filariasis  are  a  danger  to  a  com- 
munity. 

Treatment.  Where  the  presence  of  embryos  alone  is  the  only 
sign  of  filariasis  no  treatment  is  necessarily  called  for  in  order  to  re- 
lieve any  symptoms,  but,  furthermore,  there  is  no  known  method 
whereby  such  embryos  may  be  removed.  On  the  other  hand,  the 
embryos  per  se  are  harmless  so  far  as  is  known.  All  treatment, 
therefore,  to  be  of  any  permanent  value,  must  be  directed  toward  re- 
moval of  as  many  of  the  parent  worms  as  possible.  In  that  the 
lymphatics  most  commonly  involved  (pelvic  and  abdominal)  are  not 
readily  accessible,  and  the  exact  location  of  the  parasites  is  difficult 
to  determine,  these  cases  are  best  treated  by  allowing  them  to  take 
their  course.  But  if  secondary  complications  follow,  then  surgical 
measures  may  be  of  great  service. 

Medicinal  Treatment.  There  are  at  present  no  known  drugs, 
when  administered  to  the  patient,  which  have  proved  to  be  of  value 
in  killing  the  adult  worms.  It  is  the  custom  in  filarial  districts  to 
administer  large  doses  of  quinine.     Although  weak  solutions  of  this 
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drug  will  kill  the  embryos  outside  of  the  body,  its  administration 
seems  to  have  no  effect  on  them  in  the  circulation,  and  their  persist- 
ence shows  that  it  is  not  capable  of  killing  the  adults.  Its  use,  how- 
ever, is  probably  of  value  in  counteracting  some  of  the  secondary 
constitutional  symptoms. 

It  is  not  improbable  that  local  injections  of  certain  antiseptics  might 
serve  to  kill  the  parent  worms  if  they  could  be  located.  Even  then 
only  certain  regions  would  be  accessible  to  such  treatment. 

Operative  Treatment.  As  a  general  rule,  operative  treatment 
is  of  value  only  in  relieving  certain  local  conditions.  If  the  site  of 
such  local  condition  should  happen  to  be  accessible  to  the  surgeon, 
and  to  be  the  only  nidus  of  adult  worms,  then  operation  might  be 
curative;  but,  unfortunately,  this  must  be  a  rare  circumstance.  These 
facts  do  not  contraindicate  operation. 

The  immediate  indication  for  operation  is  generally  some  local  result 
of  lymphatic  obstruction,  complicated  or  not  by  secondary  infection. 
During  the  dissection  of  these  wounds  there  may  be  considerable 
escape  of  lymph,  so  that  it  is  wise  to  ligate  all  lymphatic  vessels  care- 
fully. The  oozing  of  lymph  can  otherwise  be  controlled  by  packing 
and  pressure.  Such  wounds  generally  heal  in  the  ordinary  manner. 
Local  recurrences  are  unusual. 

Treatment  of  and  Operations  for  Special  Complications. 

1.  Dilated  Lymph  Glands.  These  glands  are  usually  part  of  a 
large  varix,  and  if  they  are  small  and  do  not  cause  any  inconvenience, 
it  is  wise  not  to  interfere.  If  they  are  large  enough  to  cause  discom- 
fort, or  if  they  are  the  seat  of  recurring  inflammatory  processes,  it  is 
advisable  to  excise  them. 

Such  excisions  have  been  followed  by  chyluria  and  elephantiasis 
of  the  leg,  but  this  does  not  necessarily  prove  that  these  are  direct 
results. 

2.  Lymphangiectasis,  Dilated  lymph  varices  are  usually  asso- 
ciated with  other  neighboring  complications  and  should  be  treated 
simultaneously.  Dissection  should  be  as  complete  as  possible  and 
both  ends  of  large  vessels  ligated. 

3.  Chyluria  is  considered  to  be  the  result  of  rupture  of  varices 
which  are  practically  inaccessible,  so  that  such  cases  are  not  suitable 
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for  operation.  The  patient  should  be  put  to  bed  and  the  hips  elevated 
in  order  to  reduce  the  hydrostatic  pressure.  The  diet  should  be  re- 
stricted, and  the  fat  elements  withheld  so  far  as  possible.  Cathartics 
and  diuretics  are  valuable  in  order  to  relieve  the  tension  in  the  lym- 
phatics, and  thus  allow  the  rupture  to  close.  Otherwise  the  case  must 
be  left  to  take  its  course. 

4.  Qhylous  hydrocele  is  simply  a  collection  of  lymph  in  the  tunica 
vaginalis  testis.  In  our  case  many  parent  worms  were  lodged  in  the 
testis  and  at  the  same  time  the  lymphatics  of  the  cords  were  much 
distended,  and  thus  extended  into  the  abdominal  cavity,  showing  that 
pelvic  obstruction  must  exist. 

In  such  a  case  simple  incision  or  the  injection  of  irritants  would 
not  cure  a  hydrocele,  nor  would  it  be  practicable  to  attempt  to  dissect 
out  adult  worms  from  the  lymphatics  about  the  testis.  Operation 
must  be  radical,  and  it  would  seem  to  be  wisest  to  excise  the  testis  and 
the  cord  as  high  as  possible.  In  this  case  the  local  cure  was  prompt, 
uncomplicated,  and  thus  far  it  has  remained  permanent. 

The  rare  complication  of  chylous  diarrhoea  should  be  treated  by 
rest  and  on  general  principles.  , 

Chylous  ascites  would  probably  be  recognized  only  in  the  course  of 
a  coeliotomy  for  some  intercurrent  cause. 

5.  Lymph  Scrotum.  The  scrotum  should  be  kept  scrupulously 
clean  and  dry ;  it  should  be  powdered,  protected,  and  suspended. 
By  this  means  infection  may  be  avoided  for  a  time.  When  its  size 
makes  it  troublesome,  or  if  it  is  the  seat  of  recurring  attacks  of 
inflammation,  then  it  should  be  excised.  Margins  of  healthy  skin 
should  be  left  and  the  testicles  need  not  be  sacrificed.  Flaps  of 
skin  may  be  obtained  from  the  thighs,  if  necessary,  to  cover  in  the 
wound. 

6.  Elephantiasis  is  a  condition  which  is  permanent  and  tends  to 
increase.  Ninety-five  per  cent,  of  the  cases  involve  the  leg.  In  the 
early  stages  the  process  may  be  retarded  by  the  use  of  elastic  ban- 
dages, careful  massage,  and  resting  the  part  as  much  as  possible.  Its 
progress  is  usually  slow  unless  the  surface  becomes  excoriated  and 
infected,  when  secondary  symptoms  and  changes  set  in.  In  the  tropics 
the  part  should  be  protected  from  the  hot  sun,  and  the  leg  should  be 
kept  dry.  Occasionally  excision  of  strips  of  skin  may  be  of  palliative 
value,  but  at  times  the  condition  of  the  leg  may  be  such  that  only 
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amputation  will  give  relief.  Most  cases  of  elephantiasis  are  trouble- 
some on  account  of  the  secondary  inflammatory  processes. 

Elephantiasis  of  the  scrotum  may  follow  a  lymph  scrotum  and  reach 
enormous  dimensions.  Removal  by  operation  is  the  only  method  of 
relief,  and  this  may  be  performed  with  comparative  safety. 

Elephantiasis  elsewhere  has  been  rarely  subjected  to  surgical  inter- 
vention. 

7.  Infective  Oomplications  Associated  with  Local  Filarial  Lesions. 
These  complications  are  very  common  and  may  be  manifested  as  ery- 
sipelas, lymphangitis,  cellulitis,  and  abscess.  Constitutional  symp- 
toms, often  severe,  are  present  at  one  time  or  another.  The  ordinary 
methods  of  treating  infected  wounds  should  be  made  use  of  according 
to  circumstances.  After  the  acute  process  has  subsided  the  various 
local  lesions  may  be  treated  in  a  radical  manner  as  described  above. 

Comparatively  few  operations  have  been  performed  for  filarial  pro- 
cesses, and  most  of  these  have  been  carried  out  in  the  tropics,  notably 
at  the  Madras  Hospital,  India,  where  many  of  the  results  have  been 
excellent. 

We  take  this  opportunity  of  expressing  our  thanks  to  Dr.  Coun- 
cilman and  to  Dr.  Mallory  for  advice  and  assistance;  to  Messrs. 
Brinckerhoff  and  Richardson,  of  the  Harvard  Medical  School,  for  the 
excellent  photographs,  and  to  Miss  Jones  and  Dr.  Howe  for  the 
drawings. 
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REPORT   OF   A   CASE    OF   ACUTE    GRAVES'   DISEASE 
WITHOUT   EXOPHTHALMIC   GOITRE. 


By  D.  D.  STEWART,  M.D , 

OF  PHILADELPHIA. 


The  following  case  is  deemed  worthy  of  record,  in  connection  with 
the  paper  by  Dr.  Thomson,  because  of  certain  special  interesting 
features : 

E.  S.,  male,  Hebrew,  clerk,  aged  twenty-four  years.  On  February  14th 
and  15th  he  was  cited  to  appear  as  a  witness  in  a  case  at  court.  The 
court-room  was  overheated.  Many  present  complained  of  this,  and  E.  S., 
who  was  warmly  clad  and  suffered  from  the  undue  heat,  at  the  expiration  of 
five  hours,  as  the  court  was  about  to  adjourn,  rather  suddenly  broke  into  a  • 
profuse  perspiration.  This  continued  unchecked  after  he  reached  his  home 
toward  evening,  so  that  his  underwear  and  linen  were  noticed  to  be  extremely 
wet.  Sweating  persisted  through  the  night,  though  to  a  less  degree,  and  on 
the  following  day,  which  he  had  again  to  spend  in  court,  it  was  profuse. 
Toward  the  end  of  the  second  day  spells  of  "shivering"  appeared,  and  on 
the  third  day  he  was  compelled  to  keep  his  bed.  A  few  days  subsequently 
I  was  asked  to  see  him  by  Dr.  Albert  Bernheim,  his  attendant.  During 
this  time  it  was  reported  that  sweating  had  continued  unabated,  so  that  his 
body  and  bed-linen  had  to  be  frequently  changed.  This  free  perspiration 
had  been  so  marked  a  symptom  as  to  almost  overshadow  others  that  had 
appeared.  There  was  noticed  to  be  a  constant  fine  tremor  in  the  hands, 
facial  muscles,  and  in  the  tongue  on  its  protrusion,  and  spells  oi  coarse 
tremor  involving  all  the  voluntary  muscles  of  the  trunk,  extremities,  and 
jaws,  occurred  at  intervals.  There  was  considerable  flatulent  distention  of 
the  abdomen  and  the  presence  of  borborygmi.  The  heart  was  rapid,  but 
free  from  murmur;  the  pulse  in  recumbency  ranged  between  100  and  120, 
and  was  of  low  tension.  The  hands  were  somewhat  swollen  and  the  palms 
intensely  red,  as  if  dyed  with  eosin.  The  general  bodily  surface  was  wet 
with  perspiration,  and  the  entire  trunk  was  covered  with  miliaria.  The  eyes 
were  not  prominent,  nor  have  they  since  become  so,  and  von  Graefe's  and 
Stelwag's  signs  were  not  present,  and  have  continued  absent.  The  thyroid 
was  not  palpably  swollen  and  the  goitre  has  not  since  appeared.  The  patient 
was  debilitated,  irritable,  and  sleepless.   The  urine  contained  a  small  amount 
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of  albumin,  but  no  glucose.  There  were  cylindroids  and  a  few  narrow  hya- 
line casts.  The  patient  is  of  robust  build  and  of  good  habits.  He  had  been 
in  previous  good  health,  and  had  never  before  had  an  illness  which  confined 
him  to  bed.  Dr.  Bernheim,  who  is  intimately  acquainted  with  his  family 
and  their  history  on  both  sides,  asserts  that  both  are  free  from  neurotic  ten- 
dencies, and  that  the  patient,  under  his  observation  from  childhood,  had 
never  exhibited  any  indication  of  either  organic  or  functional  nervous  ail- 
ment, and  could  not  be  regarded  as  of  an  emotional  nature  or  hysterical ; 
but,  on  the  contrary,  he  asserts,  had  always  seemed  very  virile  physically 
and  mentally. 

Atropine,  digitalis,  and  strychnine  were  prescribed,  and  at  three-hourly 
intervals  a  cold  shower  of  several  minutes'  duration,  with  a  fine  spray  pro- 
ducer, during  which  energetic  friction  of  the  extremities  and  trunk  was 
practised.  The  immediate  results  were  good.  He  perspired  very  little, 
unless  too  warmly  covered,  and  the  spells  of  coarse  tremor  were  less  fre- 
quent and  violent.  The  baths,  which  he  took  readily  and  looked  forward  to 
with  pleasure,  because  of  their  marked  bracing  effect,  were  efficient  in  tem- 
porarily controlling  certain  of  the  symptoms,  such  as  the  tremors  and  sweats, 
and  in  imparting  a  feeling  of  well-being.  Three  weeks  from  the  onset  of  the 
ailment,  after  considerable  improvement  had  occurred,  he  was  informed 
of  a  fire  at  the  business  place  where  he  had  been  employed.  Immediately 
after  this  his  pulse,  which  Dr.  Bernheim  had  reported  had  not,  in  recum- 
bency, exceeded  90  for  some  days-,  rose  to  160,  and  sweating,  such  as  had 
existed  with  the  onset  of  his  ailment,  re-began,  so  that  it  was  said  in  about 
fifteen  minutes  his  night-dress  required  changing,  because  it  had  become  so 
thoroughly  wet.  The  spells  of  coarse  tremor  now  reappeared,  and  he  again 
became  greatly  debilitated.  The  general  shower  was  returned  to  and  hyos- 
cyamine  combined  with  strychnine,  and,  after  a  few  days,  for  the  tachy- 
cardia, which  persisted,  galvanization  of  the  cervical  sympathetic,  after  the 
method  of  Cardew,  was  instituted.  This  last,  which  I  have  used  with  great 
benefit  for  its  influence  on  the  rapid  heart  in  other  cases  of  exophthalmic 
goitre,  here  was  of  undoubted  value.  A  current  of  two  or  three  milliamperes 
was  employed  three  times  daily  for  five  minutes,  the  anode  (three  inches  in 
diameter)  to  the  suboccipital  region  and  the  cathode  (one  and  a  half  inches 
in  diameter)  to  the  anterior  edge  of  the  sternomastoid  clavicular  attachment. 

On  April  1st  the  patient  was  sent  to  Atlantic  City,  where  he  has  since 
remained.  The  use  of  galvanism  had  then  to  be  discontinued.  He  has 
lately  beerl  taking  full  doses  of  suprarenal  extract,  in  addition  to  strychnine, 
atropine,  or  hyoscyamine.  The  heart  continues  overactive  and  the  blood- 
pressure  low  ;  the  skin  leaky,  and  fine  tremor  persists.  He  is  still  unable  to 
resume  his  occupation,  although  about.  Prominence  of  the  thyroid  or  of  the 
eyes  has  not  developed. 

This  case  is  evidently  one  of  severe,  acutely  arising  vasomotor  dis- 
order of  the  nature  of  Graves'  disease,  occurring  in  a  previously  healthy 
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male  adult,  in  whose  family  there  is  no  history  of  organic  or  functional 
nervous  disorder.  Other  evident  cause  lacking,  the  disease  presu- 
mably originated  by  nervous  strain  incident  to  spending  two  days 
in  court,  to  which  he  was  summoned  as  a  witness  in  a  case  which  was 
said  to  be  of  no  actual  importance  to  himself. 

The  temperature  of  the  court-room  had  been  somewhat  excessive 
through  the  day,  and  the  patient,  as  before  remarked,  had  suifered  in 
consequence.  The  profuse  perspiration  was  the  first  manifest  sign 
of  the  ailment.  This  was  accompanied,  or  immediately  succeeded,  by 
marked  suffusion  of  the  body  and  extremities,  rapid  heart-action,  fine 
tremor,  and,  on  the  third  day,  paroxysms  of  coarse  tremor,  and  by 
marked  flatulent  distention  of  the  abdomen  ;  by  prostration  of  strength, 
mental  irritability,  and  by  insomnia.  Dr.  Bernheim,  who  was  in 
constant  attendance  in  the  capacity  of  nurse  as  well  as  physician, 
states  that  the  amount  of  sweat  exuded  during  the  first  week,  before 
this  symptom  had  been  controlled  by  atropine  and  by  hydropathic 
measures,  was  really  extraordinary.  The  patient,  previously  robust, 
of  cheerful  disposition,  rapidly  became  physically  debilitated,  irritable, 
and  depressed.  Despite  the  sudden  onset  of  symptoms,  with  profuse 
and  continuous  exhausting  sweats,  and,  in  a  day  or  so,  tremors,  rapid 
heart  and  other  symptoms  undoubtedly  establishing  the  existence  of 
acute  Graves'  disease — enlargement  of  the  thyroid  and  prominence 
of  the  eyes  have  remained  absent  to  the  present,  at  which  time  con- 
siderable amelioration  of  the  symptoms  is  evident.  Although  it  is 
common  for  rapid  heart  to  precede  by  weeks  or  months  the  develop- 
ment of  struma  and  exophthalmos  in  cases  of  Graves'  disease  usually 
seen — those  of  deliberate  onset — it  is  unusual  in  a  case  so  acute  and 
so  severe  as  this.  Here  sweating,  tremors,  and  tachycardia  became 
the  prominent  triad  in  place  of  tachycardia,  swollen  thyroid,  and 
exophthalmos. 

Dr.  Bernheim  had  a  previous  intimate  acquaintance  with  the  patient 
from  babyhood,  and  as  intimately  knew  both  branches  of  his  family  and 
their  histories.  He  was,  from  immediate  personal  observation,  enabled 
to  positively  state  that  no  symptoms  of  the  ailment  had  previously  ex- 
isted— neither  rapid  heart,  nor  leaky  skin,  nor  tremors,  nor  the  other 
minor  ones  narrated — that,  on  the  contrary,  the  patient  was  physi- 
cally robust  and  mentally  virile,  and  both  paternal  and  maternal  side 
were  free  from  recognizable  neuropathic  taint.     There  is  little  doubt 
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that  the  presumed  cause  mentioned  originated  the  ailment,  and  that 
although  the  patient,  as  he  alleges,  was  unaware  of  it,  sufficient  peculiar 
nervous  strain  accompanied  the  attendance  at  court,  in  anticipation  of 
appearing  as  a  witness,  though  in  a  trivial  case,  and  concerning  which 
a  verdict  for  either  side  should  not  have  actually  aifected  him,  to  induce  a 
condition  of  vasomotor  upset,  continuing  as  true  Graves'  disease.  The 
excessive  temperature  of  the  court-room,  in  which  on  the  two  succes- 
sive days  he  spent  five  hours  each,  and  from  which  he  early  suffered 
on  the  first  day,  was  doubtless  also  a  factor  in  the  induction  of  the 
sudden  vasomotor  derangement.  Excessive  heart-action  was  not  re- 
marked until  the  third  day  after  the  development  of  the  profuse  per- 
spiration, although  it  probably  originated  coincident  with  the  latter, 
its  onset  being  at  first  completely  overshadowed.  That  nervous  though 
unconscious  dread  had  been  the  chief  factor  was  shown  by  the  fact 
that,  as  remarked  in  the  history  in  the  third  week  of  the  ailment,  and 
after  a  decided  improvement  had  occurred,  on  his  being  told  that  the 
business  place  at  which  he  was  employed  had  just  been  partially  de- 
troyed  by  fire,  rapid  heart  (160  in  recumbency),  profuse  sweatings, 
and  tremors  again  became  prominent,  and  the  patient  lapsed  into  a 
condition  of  debility,  which  had  previously  been  so  manifest. 

It  is  interesting  that  the  patient  is  a  Hebrew  of  German  parentage. 
It  is,  I  believe,  a  fact  that  the  Polish,  Russian,  and  German  Jews  are 
regarded  to  have  an  especially  mobile  nervous  organization,  the  de- 
rangement of  which  is  more  easily  accomplished  by  causes  which  are 
less  readily  operable  in  the  Jew  of  other  nationalities  and  in  the 
Aryan  race. 


A   REPORT   OF   CASES   OF   PERNICIOUS   ANEMIA, 

WITH   SPECIAL   REFERENCE   TO   THE 

BLOOD  FINDINGS. 

By  FRANK  BILLINGS,  M.D., 

OF  CHICAGO. 


Of  the  twenty  cases  herein  reported  the  diagnosis  of  pernicious 
anaemia  was  based  upon  the  clinical  history  and  the  physical  findings, 
but  most  of  all  upon  the  blood  condition.  The  individual  histories, 
briefly  given,  show  in  most  of  the  cases  the  absence  of  morbid  physi- 
cal findings,  except  those  due  to  ansemia.  The  noteworthy  anatomical 
changes  recognized  clinically  are  noted  in  the  general  conclusions. 
The  high  color  index,  the  severe  degree  of  poikilocytosis,  the  con- 
stant presence  of  polychromatophilia,  and  the  presence  of  megalo- 
blasts,  usually  predominating  at  some  period  of  the  observation  over 
the  normoblasts,  were  considered  pathognomonic  of  the  disease.  In 
five  of  the  cases  but  one  personal  examination  of  the  blood  was 
made.  The  history  of  these  cases  and  the  blood  find  was  so  char- 
acteristic that  it  seems  proper  to  report  them  as  pernicious  anaemia. 
In  all  the  remaining  cases  a  sufficient  number  of  observations  were 
made  and  the  cases  were  studied  over  a  sufficiently  long  period  of 
time  to  make  the  diagnosis  certain.  Six  of  the  cases  were  observed 
and  studied  over  a  period  of  from  five  months  to  one  year.  In 
most  of  these  cases  blood  examinations  were  made  every  month.  The 
clinical  course  was  found  to  be  that  usually  observed.  Periods  of 
improvement  occurred,  followed  by  periods  of  decline.  During 
these  periods  the  blood  condition  was  materially  altered.  Charts 
of  the  blood  condition,  showing  the  color  index,  the  number  of  red 
and  white  cells,  the  percentage  of  haemoglobin  and  the  number  of 
nucleated  red  cells  per  cubic  millimetre  of  Cases  X.,  XL,  XILE., 
XIV.,  and  XV.,  during  periods  of  improvement  and  decline,  show 
more  emphatically  than  words  the  varying  conditions  of  the  blood. 
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Chart  No.  VI.  shows  a  differentiation  of  the  white  cells  in  Case 
XV.  It  will  be  noted  that  in  most  of  the  cases  the  white  count  is  de- 
creased and  the  number  present  corresponds  somewhat  with  the  rise 
and  fall  of  the  red  cells  and  percentage  of  haemoglobin.  It  will  also 
be  noted  that  the  decrease  in  leucocytes  is  due  to  an  absolute  decrease 
in  the  polymorphonuclear  forms. 

The  accompanying  table  of  the  blood  counts,  including  the  differ- 
entiation of  the  white  cells,  the  enumeration  of  the  nucleated  red  cells, 
the  presence  or  absence  of  degeneration  of  the  nucleus  of  the  megalo- 
blasts  (classed  as  irregularity  of  the  nucleus),  the  presence  or  absence 
of  poikilocytosis  and  polychromatophilia  (+  =  marked,  ++  =  very 
marked,  -f--J--j-  =  extremely  marked)  is  self-explanatory.  In  the 
table  and  charts  the  percentage  of  haemoglobin  is  based  upon  the 
estimation  made  with  the  Fleischl  instrument,  and  the  actual  reading 
is  given  uncorrected.  In  estimating  the  color  index  the  usual  correc- 
tion of  the  Fleischl  reading  was  made  by  adding  10  per  cent.  The 
Thoma-Zeiss  instrument  was  used  for  all  blood  counts. 

Of  the  twenty  cases  ten  have  died.  Upon  two  only  was  it  possible 
to  obtain  an  autopsy.  In  both-  the  post-mortem  findings  were  typical 
of  the  disease.  As  nothing  unusual  was  found,  I  shall  not  take  space 
to  describe  the  morbid  anatomy.  In  the  other  eight  cases  autopsy 
was  not  made  because  of  objections  made  by  relatives  or  because  the 
patient  was  at  some  distance  in  the  country  and  inaccessible  to  the 
writer  at  the  time  of  death. 

Case  I. — Male,  aged  sixty -two  years,  admitted  to  the  Cook  County  Hospital 
March  18,  1899.  Laborer,  suffering  from  great  weakness,  prostration,  and 
profound  anaemia.  Physical  examination  revealed  general  arteriosclerosis, 
emphysema  pulmonum,  with  dilatation  of  both  sides  of  the  heart. 

Blood  examination  showed  1,400,000  reds,  24  per  cent,  haemoglobin,  and 
21,000  white  cells.  There  was  present  marked  poikilocytosis,  polychroma- 
tophilia, and  a  total  of  168  nucleated  red  cells  per  cubic  millimetre,  of  which 
84  were  megaloblasts.  The  patient  died  on  March  20th.  No  autopsy  was 
obtainable. 

The  physical  findings  in  this  patient  were  senile  in  character,  and  there 
was  nothing  to  account  for  the  conditions  of  the  blood  in  the  physical  findings. 

In  this  case  the  color  index  was  below  normal.  The  leucocytosis  was  prob- 
ably of  the  terminal  form,  as  the  patient  died  two  days  later.  This  accounts 
for  the  excess  of  the  polymorphonuclear  neutrophiles  which  were  present. 
The  megaloblasts  were  typical  and  showed  much  irregularity  of  the  nucleus. 

Case  II. — Female,  aged  thirty-four  years,  married,  American,  and  has 
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borne  one  child.  Was  first  seen  in  May,  1898.  She  gave  a  history  of  illness 
of  about  one  year's  duration.  She  was  pale ;  complained  of  want  of  strength 
and  endurance. 

Blood  examination  revealed  2,800,000  red  cells  and  40  per  cent,  of  haemo- 
globin. There  were  no  nucleated  red  cells  found,  and  the  white  count 
showed  8000  per  cubic  millimetre.  The  spleen  was  palpable.  There  was 
a  slight  eczema-like  eruption  in  both  axillae  and  about  the  pubic  region. 
The  urine  was  of  light  weight,  but  contained  no  abnormal  ingredients. 

The  physical  findings  were  negative  except  those  named.  The  patient 
improved  upon  restorative  treatment  of  arsenic  and  iron.  In  the  fall  of  1898 
she  complained  of  weakness  of  the  lower  extremities  associated  with  par- 
sesthesia.  There  was  tenderness  upon  pressure  over  the  anterior  crural  nerve 
and  over  the  musculo-cutaneous  branch  of  the  external  popliteal.  The  knee- 
jerk  was  diminished.  The  patient  had  good  control  of  the  bladder  and  the 
bowels.  The  anaemia  was  still  present  and  practically  of  the  same  grade  as 
at  the  first  examination.  The  patient  was  not  seen  again  until  August,  1899,. 
when  she  presented  evidences  of  paraplegia  associated  with  paraesthesia  of 
the  skin  of  the  lower  extremities,  diminution  of  tactile,  temperature  and 
pain  sense,  a  partial  loss  of  control  of  the  bladder,  marked  ataxia,  and  inco- 
ordination. The  knee-jerk  was  entirely  lost;  the  Argyll-Robertson  pupil 
was  not  present;  the  fundi  were  normal.  The  pulse  was  rapid — 90  to  100 
per  minute — and  the  temperature  subfebrile,  usually  normal  in  the  morning, 
but  from  99°  to  100°  in  the  evening.  From  the  middle  of  August  the  patient 
grew  worse,  with  rapidly  diminished  power  in  the  lower  extremities,  until 
<jomplete  paralysis  resulted,  with  loss  of  control  of  both  the  bladder  and  the 
bowels.  Tympanites  was  constant,  the  anaemia  increased,  and  on  August  31st 
&  blood  count  showed  34  per  cent,  of  haemoglobin,  1,010,000  red  cells,  and 
6000  whites,  with  228  nucleated  cells  per  cubic  millimetre,  of  which  189 
were  megaloblasts.  Poikilocytosis  was  marked  and  polychromatophilia  pres- 
ent. The  paralysis  extended  upward,  involving  the  successive  segments  of 
the  cord  with  corresponding  nerves,  and  the  patient  finally  died  on  Septem- 
ber 7,  1899,  from  involvement  of  the  respiratory  and  cardiac  centres. 

This  patient  at  the  beginning  showed  anaemia  which  did  not  present  the 
characteristics  of  a  pernicious  anaemia,  either  in  the  color  index  or  in  the 
presence  of  nucleated  or  irregular-sized  and  formed  cells.  Later,  the  spinal 
cord  symptoms  predominated,  and  although  the  anaemia  was  observed  and 
was  considered  important,  it  was  not  looked  upon  as  a  pernicious  type  until 
the  final  examination,  eight  days  before  death.  The  character  of  the  blood 
at  this  time  was  so  characteristic  of  pernicious  anaemia  that  one  is  forced  to 
look  upon  the  case  as  primarily  a  pernicious  anaemia  with  the  spinal  cord 
lesion  as  one  of  the  not  unusual  accompaniments  of  the  disease.  An  autopsy 
was  unobtainable. 

The  blood  findings  in  this  case  were  typical  of  pernicious  anaemia.  The 
megaloblast,  were  nearly  all  polychromatophilic  in  addition  to  having  an 
irregularly-shaped  and  sometimes  palely-staining  nucleus. 
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Case  III. — Male,  aged  twenty-four  years,  seen  first  on  August  27,  1899, 
with  Dr.  H.  B.  Favill.  The  patient  first  felt  unwell  in  June  of  1899.  He 
was  losing  strength  and  his  endurance  lessened.  He  had  charge  of  the 
finances  of  a  rather  large  estate  and  had  much  responsibility.  Without 
medical  advice,  he  took  a  rest  in  the  country  during  the  latter  part  of 
June  and  the  first  half  of  July.  He  did  not  improve,  and  returned  to  Chi- 
cago. He  noticed  that  he  was  very  pale,  breathless  upon  exertion,  and  that 
he  was  daily  growing  weaker.  He  had  no  pain  and  no  disturbance  of  any 
kind  excepting  a  sense  of  weakness  and  languor. 

The  physical  findings  were  negative,  excepting  a  rather  rapid  pulse,  which 
was  weak,  and  the  temperature  ranged  from  normal  in  the  morning  to  100° 
or  101°  in  the  evening. 

A  blood  examination  made  on  August  27th  showed  haemoglobin  37  per 
cent.,  with  488,000  reds  per  cubic  millimetre,  with  a  very  high  color  index 
of  4.16,  6000  white  cells,  and  1704  nucleated  red  cells  per  cubic  millimetre, 
of  which  1224  were  megaloblasts.  There  was  marked  poikilocytosis,  and 
polychromatophilia  was  present. 

On  September  17th  a  third  count  was  made,  which  gave  26  per  cent,  of 
haemoglobin,  560,000  red  cells  per  cubic  millimetre,  with  the  enormous  num- 
ber of  10,336  nucleated  red  cells  per  cubic  millimetre,  of  which  7092  were 
megaloblasts  There  was  marked  irregularity  of  the  nucleus,  especially  in 
the  megaloblasts,  with  increased  poikilocytosis  and  notable  polychromato- 
philia. 

During  the  last  week  of  this  patient's  life  his  temperature  rose  to  104°  in 
the  afternoon  of  each  day,  with  the  pulse  rapid  and  weak,  and  with  symp- 
toms of  profound  weakness,  much  dyspnoea,  and  dizziness.  There  was  loose- 
ness of  the  bowels  during  the  entire  course,  and  in  the  stools  were  almost 
constantly  found  many  infusoria,  but  no  organism  which  could  account  for 
the  anaemia.  The  patient  died  on  September  22d.  An  autopsy  was  not 
obtained. 

This  case  was  remarkable  as  showing  a  very  low  red  count,  with  an 
unusually  high  color  index,  which  is  explained  by  the  very  large  number 
of  macrocytes  present.  It  is  noteworthy  that  during  the  period  in  which  he 
was  observed  the  red  corpuscles  were  practically  stationary  in  number,  while 
the  haemoglobin  continued  to  fall.  The  leucocytes  steadily  increased  with 
approaching  death,  and  a  few  days  before  death  there  was  an  inundation  of 
leucocytes,  myelocytes,  and  nucleated  red  corpuscles,  the  degenerative  megalo- 
blasts predominating.  The  stained  specimen  gave  findings  similar  to  those 
of  splenic  myelogenous  leukaemia;  but  the  paucity  of  red  corpuscles  and 
haemoglobin,  the  high  color  index,  and  the  comparatively  low  white  count, 
as  well  as  the  extreme  poikilocytosis  and  polychromatophilia,  would  con- 
clusively settle  the  diagnosis.  The  number  of  nucleated  red  corpuscles  were 
enormous,  with  many  of  the  nuclei  undergoing  fragmentation. 

Case  IV. — Female,  aged  forty-three  years ;  has  borne  three  children.  Was 
seen  with  Dr.  Mclnnes,  of  Belvidere,  111.,  September  5,  1899.      The  patient 
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has  had  chronic  diarrhoea  for  three  years,  with  loose,  watery  movements  on 
rising,  and  occasionally  one  or  more  later  in  the  day,  uninfluenced  by  diet. 
For  several  months  she  has  had  progressive  weakness  and  fatigue,  associated 
with  pallor.  The  skin  has  become  yellow  recently.  There  was  slight  swell- 
ing of  the  feet  at  night;  nose-bleed  slight  on  two  or  three  occasions.  There 
was  palpitation  of  the  heart.  Patient  had  a  desire  for  sour  things ;  some 
eructation  of  gas,  but  has  not  vomited ;  was  nervous.  There  was  no  blurring 
of  vision.  Weighed  two  years  ago  135  pounds,  now  107  pounds.  Exami- 
nation showed  a  systolic  murmur  at  the  apex  transmitted  into  the  axilla.  No 
accentuation  of  the  second  pulmonic  sound.  A  murmur,  systolic  in  time, 
was  heard  in  the  aortic  area.  No  venous  hum  in  the  neck.  The  spleen  was 
palpable. 

The  patient  was  pale  and  the  skin  had  a  yellowish  hue.  The  urine  showed 
a  slight  trace  of  albumin,  with  a  little  pus.  No  tubercle  bacilli  in  the  urinary 
sediment.  Feces,  greenish  and  watery  in  color,  showed  no  parasites.  The 
blood  showed  haemoglobin,  36  per  cent.;  red  cells,  1,436,000;  white  cells, 
4000,  with  poikilocytosis,  and  72  nucleated  cells  per  cubic  millimetre,  of 
which  64  were  megaloblasts.  There  was  irregularity  of  the  nucleus  of  some 
cells,  with  poikilocytosis  and  polychromatophilia. 

The  patient  improved  upon  restorative  tonics  of  iron  and  arsenic,  and  the 
diarrhoea  ceased  with  colonic  flushings.  During  the  winter  of  1899  and  1900 
the  patient  improved,  and  was  considered  well  for  two  or  three  months.  Her 
physician  reported,  in  March,  1900,  that  she  had  again  become  very  anaemic, 
with  all  the  characteristics  observed  when  first  examined,  and  that  she  was 
then  confined  to  bed.     No  further  examination  of  the  blood  has  been  made. 

Case  V. — Female,  aged  fifty-six  years,  admitted  to  the  Cook  County  Hos- 
pital July,  1899.  Seamstress,  who  gave  a  history  of  illness  of  about  one  year's 
duration.  She  was  very  pale;  skin  yellowish,  and  presented  no  physical 
findings  of  organic  disease.  There  was  a  basic  murmur,  systolic  in  time, 
transmitted  into  the  neck,  but  no  venous  hum.  The  urine  was  negative; 
the  bowels  were  constipated.  The  patient  complained  of  extreme  weakness, 
shortness  of  breath  on  exertion,  and  dizziness  when  she  changed  her  position 
suddenly. 

Examination  of  the  blood  showed  haemoglobin,  25  per  cent.;  848,000  red 
cells;  3500  whites;  21  nucleated  red  cells,  of  which  7  were  megaloblasts. 
Poikilocytosis  was  very  marked  and  polychromatophilia  were  present. 

On  restorative  tonics  the  patient  improved  rapidly,  so  that  on  August  14th 
the  haemoglobin  was  48  per  cent.,  the  red  cells  1,624,000,  still  giving  a  high 
color  index.  There  were  6000  whites  and  12  nucleated  red  cells,  all  of  which 
were  normoblasts.  The  patient  was  so  improved  in  strength  that  she  left  the 
hospital,  and  no  further  observation  has  been  made. 

In  this  case  there  was  a  rapid  increase  of  the  reds  and  of  the  haemoglobin — 
100  per  cent,  in  sixteen  days.  The  color  index  was  high  and  did  not  fall 
with  the  improvement,  which  is  contrary  to  the  usual  rule  in  this  disease. 
The  leucocytes  rose  with   improvement;   the  nucleated   reds   were  few  in 
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number  ;  the  megaloblasts  disappeared  with  improvement,  and  poikilocytosis 
and  polychromatophilia  decreased. 

Case  VI. — Male,  aged  sixty-one  years,  married,  banker.  Seen  first  on 
May  10,  1899.  His  family  history  was  excellent.  In  the  summer  of  1898 
he  first  noticed  that  he  was  easily  exhausted  on  exertion.  There  was  some 
coldness  of  the  lower  extremities,  with  numbness  ;  he  had  dyspnoea  on  exer- 
tion and  some  dizziness.  The  appetite  failed  in  March,  1899,  and  since  then 
has  been  very  poor ;  there  was  a  bitter  taste,  which  was  present  in  many  kinds 
of  food.  Has  had  some  gas  and  weight  in  the  stomach  after  eating.  Bowels 
were  usually  regular;  urination  was  normal ;  there  was  no  pain.  His  present 
weight  is  155  pounds;  he  has  weighed  190  when  well.  He  was  very  pale ; 
there  was  a  lemon-yellow  color  of  the  skin.  There  was  a  blowing  systolic 
murmur  over  the  praecordium— loudest  in  the  mitral  area;  there  was  a  ven- 
ous hum  in  the  neck  ;  there  were  no  other  abnormal  physical  signs.  There 
was  a  slight  trace  of  albumin  in  the  urine.  The  blood  showed  828,000  red 
cells,  with  25  per  cent,  of  haemoglobin,  and  6000  whites.  There  were  many 
nucleated  red  cells  and. marked  poikilocytosis. 

There  was  improvement  under  restorative  tonic  treatment,  the  patient 
presenting  50  per  cent,  of  haemoglobin  and  2,080,000  red  cells  in  September, 
after  which  there  was  a  relapse.  On  October  30th  the  haemoglobin  was  40 
per  cent,  and  the  red  cells  1,912,000.  There  were  4  nucleated  red  cells  per 
cubic  millimetre,  of  which  2  were  megaloblasts. 

This  patient  has  presented  from  the  beginning  all  of  the  usual  phenomena 
of  a  pernicious  anaemia.  When  last  heard  from  he  was  in  California  and 
becoming  gradually  worse.  It  is  to  be  noted  that  there  is  a  fall  of  the  color 
index  with  improvement,  with  an  inconstant  leucocyte  count,  and  but  few 
nucleated  red  cells. 

Case  VII. — Female,  aged  forty-seven  years,  was  admitted  to  Cook  County 
Hospital  October  14,  1899.  She  had  been  transferred  from  the  Detention 
Hospital  for  the  Insane.  She  was  of  unsound  mind  ;  could  not  answer  ques- 
tions intelligently.  Her  friends  gave  a  history  of  illness  of  about  three 
months.  Examination  showed  intense  yellow  pallor  without  emaciation. 
There  were  many  small  hemorrhagic  spots  in  the  skin  of  the  body  and  the 
mucous  membrane  of  the  mouth.  The  retinae  were  normal.  There  was  a 
systolic  apex  murmur,  with  dulness  on  percussion,  extending  beyond  the  left 
nipple.  Spleen  not  palpable;  the  bowels  were  constipated.  Examination 
of  the  feces  was  negative.  The  temperature  varied  from  98°  in  the  morning 
to  100.2°  in  the  evening.  The  urine  was  negative.  The  blood  gave  18  per 
cent,  of  haemoglobin,  679,000  reds,  2000  whi»e  cells,  marked  poikilocytosis, 
with  315  nucleated  red  cells  per  cubic  millimetre,  of  which  270  were  megalo- 
blasts. 

On  November  3d  there  was  10  per  cent,  haemoglobin,  540,000  red  cells,  and 
128  nucleated  cells,  of  which  84  were  megaloblasts.  There  was  extreme 
irregularity  of  the  nucleus,  much  poikilocytosis,  and  marked  polychroma- 
tophilia.   The  patient  died  November  10th.     An  autopsy  was  not  obtained. 


314  BILLINGS, 

Just  before  death  the  color  index  rose  with  the  decline  of  the  patient. 
The  leucocytes  increased  slightly,  the  nucleated  red  cells  diminished  in  num- 
ber, while  the  poikilocytosis  was  extreme,  and  corresponded  with  the  low  red 
count. 

Case  VIII. — Male,  aged  fifty-two  years,  shoedealer.  Admitted  to  the 
Presbyterian  Hospital  in  November,  1899.  Ill  for  about  a  year.  For  seven 
months  has  been  subject  to  fainting  attacks,  with  much  weakness,  some 
shortness  of  breath  and  dizziness.  There  has  been  marked  pallor  for  several 
months  ;  bowels  alternately  loose  and  constipated ;  there  has  been  some  nose- 
bleed. The  patient  has  not  lost  in  weight ;  the  skin  was  lemon-yellow  ;  pulse 
small,  compressible,  and  weak.  A  blowing  murmur  was  heard  over  the 
mitral  area  and  at  the  base  of  the  heart,  transmitted  into  the  neck.  Spleen 
and  liver  negative ;  urine  negative.  Blood  examination  on  December  11th 
showed  17  per  cent,  haemoglobin,  760,000  red  cells,  9000  whites,  135  nucleated 
reds  per  cubic  millimetre,  of  which  81  were  megaloblasts.  On  December 
29th  there  was  20  per  cent,  of  hgemoglobin,  880,000  reds,  2000  whites,  and  15 
nucleated  reds,  of  which  9  were  megaloblasts.  There  was  much  poikilocy- 
tosis and  polychromatophilia.  The  patient  died  in  January,  1900.  Post- 
mortem revealed  the  usual  findings  of  a  pernicious  anaemia,  including  fetal 
bone-marrow. 

It  is  to  be  noted  that  in  this  case  a  few  days  before  death  the  condition  of 
the  haemoglobin  and  red  corpuscles  was  stationary.  The  leucocytes  fell 
with  the  decline,  as  did  also  the  nucleated  red  cells.  The  poikilocytosis  and 
polychromatophilia  corresponded  in  degree  with  the  number  of  red  cells. 

Case  IX. — Female,  aged  thirty-six  years,  housekeeper.  Seen  with  Drs. 
Favill  and  Storer,  September  27,  1899.  Has  suffered  from  goitre  and  symp- 
toms of  general  nervousness  for  several  years.  For  a  year  past  has  suffered 
from  gradual  increasing  weakness,  until  prostration  occurred,  and  has  been 
confined  to  bed  for  the  last  three  months.  There  has  been  a  rapid  heart, 
with  tremor  of  the  muscles,  indigestion,  with  poor  appetite  and  gradual 
emaciation.  There  has  been  headache,  with  many  subjective  nervous  symp- 
toms, including  paraesthesia  of  the  skin,  numbness  and  coldness  of  the  lower 
extremities,  sleeplessness,  and  at  times  nausea  and  vomiting  after  some 
emotional  disturbance. 

Examination  showed  marked  pallor  of  a  yellow  hue,  emaciation,  tremor  of 
the  extremities,  especially  upon  exertion ;  a  goitre  of  moderate  size,  vascular 
and  throbbing;  increase  of  the  heart  dulness  beyond  the  left  nipple;  a  mur- 
mur in  the  mitral  area,  systolic  in  character ;  a  venous  hum  over  the  neck, 
and  especially  over  the  goitre ;  a  pulse  of  140  per  minute,  weak,  quick,  and 
compressible.  Temperature  subnormal  in  the  morning  and  elevated  to  99° 
and  100°  in  the  evening.  Negative  findings  over  the  abdomen  ;  the  urine  free 
of  abnormal  elements ;  the  pelvis  normal.  The  blood  on  September  27, 1899, 
showed  20  per  cent,  of  haemoglobin,  864,000  red  cells,  6000  whites,  with  6 
nucleated  red  cells  per  cubic  millimetre — all  megaloblasts.  Some  of  the 
nucleated  cells  showed  irregularity  of  the  nucleus.   There  were  poikilocytosis 
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and  polychromatophilia.  The  clinical  course  and  physical  findings  made  a 
diagnosis  of  exophthalmic  goitre  probable,  although  there  was  no  exoph- 
thalmos present  upon  examination,  or  a  history  of  that  sign.  The  patient 
died  in  November,  1899,  showing  no  change  in  the  condition  enumerated 
above.     No  autopsy. 

Neusser  {American  Year-hook  of  Medicine^  1900,  p.  127,  quoted 
from  the  Wiener  hlinische  Wochenschrif t,  A-pril  13, 1899)  describes 
a  case  of  exophthalmic  goitre  occurring  with  pernicious  anaemia.  In 
the  case  reported  here  it  is  to  be  noted  there  was  a  small  number  of 
nucleated  red  cells,  but  they  were  all  megaloblasts. 

Case  X.  (See  Chart  I.) — Male,  aged  thirty-six  years,  a  collector,  married. 
Patient  had  a  severe  attack  of  influenza  in  January,  1899.  He  was  confined  to 
bed  for  ten  days,  otherwise  his  health  has  been  good  since  childhood.  Fol- 
lowing illness  in  January  he  had  remained  unwell,  had  grown  pale,  and  had 
noticed  a  progressively  increasing  weakness,  with  slight  dizziness  and  dysp- 
noea upon  exertion.  The  extremities  were  often  cold,  and  there  was  palpi- 
tation of  the  heart  at  times.  The  appetite  was  good  and  digestion  unimpaired. 
The  bowels  were  slightly  constipated.  The  patient  had  no  other  discomfort 
than  those  enumerated. 

Examination :  No  emaciation,  lemon-yellow  pallor,  a  few  petechial  spots 
about  the  chest  and  base  of  the  neck  in  front,  and  a  few  in  the  roof  of  the 
mouth.  There  was  a  murmur  over  the  base  of  the  heart  transmitted  into 
the  neck,  and  a  venous  hum  was  also  heard  over  the  large  vessels  of  the 
neck.  The  urine  was  normal  and  the  physical  findings  over  the  abdomen 
negative.  The  blood  showed  no  plasmodia,  33  per  cent,  of  haemoglobin, 
2,000,000  red  cells,  16  nucleated  cells,  of  which  8  were  megaloblasts;  poiki- 
locytosis  and  polychromatophilia  present. 

Upon  restorative  tonics  the  patient  did  not  improve.  There  was  a  gradual 
decline  in  health,  evidenced  by  the  blood  findings,  which,  on  September  6th, 
showed  haemoglobin  27  per  cent.,  1,800,000  reds,  5000  whites,  100  nucle- 
ated red  cells,  of  which  80  were  megaloblasts,  with  the  ordinary  associated 
irregularity  in  size  and  shape  of  cells,  and  polychromatophilia.  Improve- 
ment occurred  from  this  time  onward,  until  at  the  last  examination  there 
was  74  per  cent,  of  haemoglobin,  4,010,000  red  cells,  6500  white  cells,  and  no 
nucleated  cells. 

This  patient  is  still  under  observation  and  presents  phenomena  which 
unmistakably  confirm  the  first  diagnosis  and  show  that  he  is  still  ill,  although 
the  blood  condition  is  so  much  improved. 

In  this  case  the  color  index  was  nearly  always  high,  the  tendency  being  a 
slight  decrease  with  the  improvement.  The  leucocytes  increased  usually 
with  the  general  improvement  of  the  patient.  There  was  a  flood  of  nucle- 
ated red  cells,  the  so-called  crisis  before  improvement,  and  these  disappeared 
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with  the  improvement.  Megaloblasts  predominated;  poikilocytosis  and 
polychromatophilia  were  markedly  less  than  usual,  with  a  corresponding^ 
red  count  in  other  patients.  The  improvement  wave  in  this  case  continued 
steadily  for  about  seven  months. 
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Case  XI.  (See  Chart  II.)— Male,  aged  forty-five  years,  lawyer;  gives  a 
history  of  illness  extending  over  one  year.  Seen  in  consultation  with  his 
physician,  Dr.  A.  J.  Coey.  Patient  has  always  been  a  hard  worker,  taking 
but  little  rest,  and  having  large  •responsibilities.     He  has  suffered  from  no 
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illness  during  his  life  until  at  present.  An  examination  on  December  29, 
1898,  showed  no  loss  of  weight,  but  a  lemon-yellow  pallor,  with  a  small, 
quick,  compressible  pulse,  and  normal  temperature ;  a  weak  heart-beat,  with 
a  faint  systolic  murmur  at  the  base ;  no  venous  hum  in  the  neck.    Negative 
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findings  over  the  chest,  excepting  as  stated,  and  over  the  abdomen.  Urine 
normal.  Patient  complained  of  weakness,  with  shortness  of  breath  on  exer- 
tion, dizziness,  palpitation  of  the  heart,  poor  appetite,  and  some  gaseous 
indigestion.     Blood  count  showed  40  per  cent,  of  haemoglobin,  2,228,000 
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red  cells,  3500  whites,  70  nucleated  reds — all  of  them  normoblasts.  Poikilo- 
cytosis  and  polychromatophilia  present. 

During  the  remainder  of  the  winter  the  patient  improved  to  some  extent ; 
his  red  cells  increased  to  3,276,000,  his  haemoglobin  to  65  per  cent.,  white 
cells  to  7200,  and  nucleated  cells  disappeared.  There  was  a  relapse  in  June, 
1899,  and  on  July  31st  the  haemoglobin  was  23  per  cent.,  the  red  cells 
886,000,  the  whites  3500,  and  392  nucleated  cells  were  found  per  cubic  milli- 
metre, of  which  308  were  megaloblasts.  Irregularity  of  the  nucleus ;  poiki- 
locytosis  and  polychromatophilia  were  marked.  The  physical  findings  were 
practically  the  same  as  when  the  patient  was  first  seen  six  months  before. 
He  declined  from  this  time  on,  and  died  the  latter  half  of  August.  About 
two  weeks  preceding  his  death  the  patient  had  direct  transfusion  of  six 
ounces  of  human  blood  by  his  own  request.  This  was  followed  by  no  im- 
provement in  the  blood,  nor  did  haemoglobin  appear  in  the  urine.  Autopsy 
revealed  the  ordinary  findings  of  a  pernicious  anaemia,  including  the  fetal 
bone-marrow. 

The  color  index  diminished  with  improvement,  but  did  not  change  to  the 
degree  often  seen  in  other  cases.  This  was  probably  due  to  the  fact  that  the 
improvement  was  very  slow,  so  that  the  haemoglobin  kept  pace  with  the 
improvement  in  the  number  of  red  cells.  The  leucocyte  increase  occurred 
with  improvement,  as  is  the  rule;  but  there  was  only  a  slight  leucocyte  in- 
crease before  death.  The  nucleated  red  cells  were  large  in  number,  but  did 
not  increase  to  any  great  extent  immediately  preceding  death,  as  was  noted 
in  Case  III.  The  poikilocytosis  and  polychromatophilia  corresponded  in 
degree  to  the  red  count.     The  improvement  wave  lasted  about  five  months. 

Case  XII. — Female,  aged  sixty  years;  has  borne  nine  children.  Seen 
first  as  a  private  patient  on  October  24,  1899.  Family  history  good.  Has 
had  dyspepsia  with  the  formation  of  a  good  deal  of  gas  at  times  for  the  last 
two  years.  For  two  years  her  health  has  been  failing  ;  for  six  months  had  a 
dull,  gnawing  pain  in  the  region  of  the  stomach— not  influenced  by  food. 
Has  vomited  two  or  three  times  a  week  for  the  last  two  or  three  months,  and 
nearly  every  day  for  the  last  two  weeks.  No  blood  in  the  vomited  matter ; 
appetite  usually  good;  bowels  were  constipated.  Complained  chiefly  of 
weakness  and  want  of  endurance,  palpitation  of  the  heart,  shortness  of 
breath,  with  dizziness  and  faintness.  There  was  some  frontal  headache  and 
paraesthesia,  especially  of  the  lower  extremities ;  there  has  been  some  loss  in 
weight— from  165  to  130  pounds;  there  has  been  a  gradually  increasing 
pallor.  Examination  showed  a  yellow  pallor  with  pale  mucous  membranes  ; 
pulse  rapid,  weak,  and  compressible;  capillary  pulse  in  the  lips.  Heart- 
sounds  were  weak,  without  murmurs.  Abdomen  and  pelvis  negative.  The 
urine  showed  a  slight  trace  of  albumin  ;  otherwise  normal.  The  blood  showed 
32  per  cent,  of  haemoglobin,  2,100,000  reds,  8000  whites,  and  40  nucleated 
red  cells  per  cubic  millimetre,  of  which  24  were  megaloblasts.  Irregularity 
of  the  nucleus;  poikilocytosis  and  polychromatophilia  present.  Under  re- 
storative tonics  the  patient  improved  in  strength,  and   on  December  6th  the 
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haemoglobin  was  48  per  cent.,  reds  2,348,000,  whites  9000,  nucleated  red  cells 
8,  of  which  4  were  megaloblasts.  The  patient  lives  in  Iowa,  and  a  relative 
has  just  informed  me  that  she  continued  to  improve  until  the  first  part  of 
March,  but  since  that  time  there  has  been  a  return  of  the  old  symptoms,  with 
increasing  pallor,  weakness,  etc. 

Chart  III. 
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The  color  index  rose  with  improvement,  which  was  gradual,  and  the  rise 
was,  therefore,  slight.  The  leucocytes  were  inconstant  in  number  ;  the  nucle- 
ated red  cells  decreased  with  the  improvement,  and  the  megaloblasts  lost 
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their  preponderance  over  the  other  forms  with  improvement.  The  poikilo- 
cytosis  and  polychromatophilia  corresponded  with  the  red  count. 

Case  XIII.  (See  Chart  III.) — Female,  aged  sixty  years,  copyist ;  has  borne 
two  children.  Was  admitted  to  the  Cook  County  Hospital  on  September  8, 
1899.  For  six  months  the  patient  has  complained  of  weakness,  faintness, 
shortness  of  breath,  palpitation  of  the  heart,  coldness  of  the  extremities,  and 
general  nervousness.  She  has  had  nose-bleed  twice.  There  has  been  no 
loss  in  weight,  but  the  symptoms  above  enumerated  have  become  so  marked 
that  she  was  obliged  to  go  to  bed.  Examination  showed  a  lemon-yellow 
pallor,  with  some  oedema  of  the  eyelids  and  of  the  ankles.  Pulse  was  small, 
rapid,  compressible,  and  weak.  A  soft  murmur  was  heard  over  the  heart, 
transmitted  into  the  vessels  of  the  neck.  A  venous  hum  was  also  heard  in 
the  neck.  The  spleen  was  palpable  and  the  liver  extended  two  finger- 
breadths  below  the  right  costal  arch.  The  urine  was  normal  and  the  pelvis 
negative ;  there  were  no  hemorrhages  of  the  skin  and  the  retinae  were  nor- 
mal. The  temperature  was  elevated  the  last  two  days,  following  an  attack 
of  diarrhoea ;  the  stool  w^as  watery  and  loose  and  contained  no  parasites.  A 
blood  examination  showed  25  per  cent,  of  haemoglobin,  960,000  reds,  3000 
whites,  36  nucleated  cells  per  cubic  millimetre,  of  which  12  were  megalo- 
blasts,  12  microblasts,  and  12  normoblasts.  Irregularity  of  the  nucleus, 
poikilocytosis,  and  polychromatophilia  present. 

Under  restorative  tonic  treatment  the  patient  improved  rapidly,  and  on 
November  2f)th,  just  previous  to  leaving  the  hospital,  the  haemoglobin  was 
44  per  cent.,  red  cells  2,736,000,  white  cells  1500,  with  3  nucleated  cells— all 
megaloblasts,  present  with  a  continued  but  lessened  poikilocytosis  and  poly- 
chromatophilia. The  improvement  continued.  A  blood  examination  made 
on  March  21st  gave  haemoglobin  72  per  cent.,  red  cells  3,720,000,  the  whites 
6000,  no  nucleated  cells,  but  poikilocytosis  and  polychromatophilia  still 
present.  In  spite  of  the  evident  improvement  in  the  blood  the  patient 
complained  of  great  weakness.  She  is  undoubtedly  at  the  top  of  an  im- 
provement wave. 

Case  XIV.  (See  Chart  IV.)— Female,  aged  twenty-nine  years,  married; 
has  borne  no  children.  Was  admitted  to  the  Cook  County  Hospital  on 
November  3,  1899.  The  patient  gives  a  negative  history  as  to  previous  ill- 
ness of  any  severity.  Present  illness  began  six  months  ago,  with  diarrhoea 
in  August  and  September.  She  has  also  had  some  cough  with  bloody  expec- 
toration. There  has  been  shortness  of  breath,  with  palpitation,  great  weak- 
ness, dizziness  of  changing  the  position  of  the  body  suddenly,  dimness  of 
vision,  some  headache  and  intercostal  pains,  and  paraesthesia  of  hands  and 
feet.  Examination  showed  a  lemon-yellow  color  without  emaciation.  The 
pulse  was  rapid  and  feeble ;  a  blowing  murmur  was  heard  over  the  base  of 
the  heart,  transmitted  into  the  neck ;  there  was  no  venous  hum.  The  lungs, 
the  abdomen,  and  the  urine  were  negative ;  the  stools  were  formed,  and  no 
parasites  were  found.  The  blood  examination  showed  haemoglobin  22  per 
cent.,  red  cells  744,000,  white  cells  1000,  115  nucleated  cells  per  cubic  milli- 
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metre,  of  which  85  were  megaloblasts.     Poikilocytosis  was  very  marked  and 
polychromatophilia  was  present. 

Under  restorative  tonic  treatment  the  patient  improved  gradually,  as  is 
shown  by  numerous  blood  examinations,  until  January  16,  1900,  when  the 
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best  condition  prevailed.  At  this  time  the  haemoglobin  was  62  per  cent., 
reds  2,650,000,  whites,  6000,  nucleated  red  cells  24,  of  which  12  were  megalo- 
blasts ;  poikilocytosis  much  less  than  formerly,  and  only  slight  polychroma- 
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tophilia.  At  this  time  the  patient  complained  of  soreness  of  throat,  and  an 
examination  showed  a  syphilitic  gumma  of  the  soft  palate.  She  was  placed 
upon  large  doses  of  iodide  of  potash  and  inunctions  of  mercury.  The  gumma 
rapidly  disappeared,  and  the  throat  was  healed  within  one  month.  From 
this  date,  however,  the  patient  again  declined  in  health,  lost  in  weight  and 
strength,  had  dizziness,  dyspnoea,  and  palpitation  on  exertion.  There  was  a 
murmur  at  the  apex  and  the  base  of  the  heart,  and  a  very  weak  and  com- 
pressible pulse.  An  examination  made  on  April  10th  showed  haemoglobin 
20  per  cent.,  a  fall  of  over  40  per  cent,  in  less  than  three  months;  red  cells 
1,132,000,  whites  3500,  nucleated  cells  116  per  cubic  millimetre,  of  which 
102  were  megaloblasts ;  increased  poikilocytosis  and  polychromatophilia. 

This  patient  suffered  from  syphilis,  although  she  denied  all  knowledge  of 
acquiring  the  disease.  What  relation  the  syphilis  bore  to  the  blood  state  is 
questionable.  Under  antisyphilitic  treatment  the  blood  became  rapidly 
worse ;  but  this  is,  of  course,  no  proof  that  the  blood  state  even  of  pernicious 
ansemia  may  not  be  caused  by  syphilis. 

Following  the  rule,  the  color  index  fell  with  improvement  in  this  case, 
but  continued  to  fall  with  the  decline.  The  leucocyte  count  corresponded  in 
degree  to  the  number  of  reds  and  the  percentage  of  haemoglobin.  In  this 
case,  too,  there  was  a  flood  of  nucleated  reds  before  improvement,  corre- 
sponding partially  to  von  Norden's  law.  The  nucleated  reds  disappeared 
once  during  the  stage  of  improvement,  and  increased  again  with  the  decline. 
The  megaloblasts  were  also  in  excess ;  the  poikilocytosis  and  polychromato- 
philia corresponded  to  the  number  of  reds.  The  improvement  wave  continued 
for  about  five  months. 

Case  XV.  (See  Charts  V.  and  VI.). — Male,  aged  forty-three  years,  married, 
an  engineer,  was  admitted  to  the  Cook  County  Hospital  on  April  19,  1899. 
Gave  a  negative  history  of  tuberculosis  and  carcinoma  in  the  family,  and 
denied  venereal  disease.  Was  always  healthy  until  present  trouble.  For 
two  years  has  felt  tired  and  weak,  sleepy,  and  has  been  told  that  he  looked 
paler  than  usual.  Was  annoyed  by  a  pain  and  weight  in  the  stomach,  with 
eructations  of  gas  after  meals.  Twenty-one  months  ago  gave  up  work  and 
was  in  a  hospital  for  three  weeks.  He  again  went  to  work  after  three  weeks 
for  about  a  year.  During  the  last  period,  when  at  work,  he  was  troubled 
with  shortness  of  breath  and  palpitation  upon  severe  exertion,  and  frequently 
had  bleeding  of  the  gums.  Recently  he  has  had  no  appetite,  has  had  pain 
in  the  stomach  after  eating,  and  has  vomited  at  times  soon  after  the  meal. 
The  bowels  have  been  constipated. 

Examination  showed  a  lemon-yellow  pallor  without  much  loss  of  weight, 
with  general  negative  findings,  including  the  chest,  the  abdomen,  and  the 
kidneys.  After  a  test  meal  no  hydrochloric  acid  was  found  in  the  stomach 
contents,  while  lactic  acid  was  in  excess.  A  blood  examination  made  on 
May  20,  1899,  showed  32  per  cent,  of  haemoglobin,  726.000  reds,  5000  whites, 
30  nucleated  cells  per  cubic  millimetre,  of  which  20  were  megaloblasts,  poiki- 
locytosis, and  polychromatophilia. 
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The  patient  improved  until  October,  1899,  the  red  cells  increasing  to 
3,500,000  and  haemoglobin  to  60  per  cent,  the  nucleated  cells  disappearing. 
Then  there  was  a  relapse,  with  a  low  ebb  in  December,  when  the  haemo- 
globin fell  to  22  per  ceijt.,  the  red  cells  to  880,000,  the  nucleated  reds  to  32 
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per  cubic  millimetre,  of  which  28  were  megaloblasts,  while  poikilocytosis  and 
polychromatophilia  were  very  marked.  Again,  improvement  occurred  under 
restorative  tonics  and  rest  in  bed  until  the  latter  part  of  March,  1900,  since 
which  time  there  has  been  again  a  decrease  in  the  haemoglobin,  in  the  red 
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cells,  and  an  increase  in  the  nucleated  reds,  and  in  the  regularity  of  the  cells, 
and  increased  polychromatophilia. 

This  man  presented  in  every  way  a  classic  case  of  pernicious  anaemia.   His 
physical  findings  were  negative.   Frequent  examinations  of  his  stomach  con- 
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Differentiation  of  leucocytes  in  absolute  numbers  per  cubic  millimetre. 

tents  after  a  test  meal  showed  the  constant  absence  of  hydrochloric  acid,  free 
and  combined,  and  lactic  acid  always  present,  usually  in  large  amount. 
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The  color  index  was  nearly  always  high,  but  fell  with  improvement  and 
increased  with  each  decline.  The  nucleated  cells  disappeared  in  the  first 
improvement  wave  and  reappeared  with  the  decline.  They  increased  with 
the  second  improvement,  amounting  to  a  crisis.  The  first  improvement  wave 
lasted  six  months,  the  second  about  four  months.  Poikilocytosis  was  very 
marked,  even  when  the  reds  were  in  largest  number.  Polychromatophilia 
varied  with  the  number  of  reds.  The  patient  died  at  his  home  in  South 
Chicago,  May  21,  1900.  No  autopsy  was  made  because  the  death  was  not 
reported  to  the  writer  until  too  late. 

Case  XVI. — Male,  aged  forty-eight  years,  married,  a  capitalist.  Seen 
January  1,  1900^  with  Dr.  Franklin  Hays,  of  Indianapolis,  Ind.  Gives  an 
excellent  family  history,  with  good  habits.  Venereal  disease  denied.  Has 
not  been  well  since  1895,  when  he  was  almost  suffocated  by  smoke  while 
exhibiting  an  invention  to  protect  firemen  from  smoke.  Since  then  has  had 
suffocative  attacks,  with  dizziness  and  occasionally  abdominal  pain.  Bowels 
have  been  constipated  ;  he  has  lost  in  strength  without  loss  of  weight.  There 
have  been  palpitation,  shortness  of  breath  on  exertion,  and  dizziness  when 
moving  suddenly  or  under  excitement.  Appetite  has  been  variable  and 
digestion  usually  good.  Was  in  Europe  in  the  fall  of  1899,  and  a  blood 
examination  was  made  in  London  by  Dr.  Severs,  which  showed  haemoglobin 
25  per  cent.,  reds  2,200,000,  and  whites  20,500.  For  the  last  six  months  there 
has  been  a  more  rapid  decline  in  strength  and  endurance  until  at  present  the 
patient  is  confined  to  bed  by  extreme  weakness. 

Examination  showed  a  very  pale-lemon  tint,  without  loss  of  weight.  The 
pulse  was  small,  quick — 108  per  minute ;  the  temperature  102°  at  the  time 
of  examination.  A  loud  systolic  murmur  was  heard  over  the  prsecordium — 
loudest  in  the  mitral  area.  The  second  sound  accentuated  in  the  pulmonic 
area.  No  murmur  in  the  vessels  of  the  neck.  A  few  moist  rales  were  heard 
on  deep  inspiration  over  the  lower  portion  of  the  lungs  behind.  The  abdo- 
men showed  the  liver  with  normal  area,  the  spleen  palpable ;  rectum  nega- 
tive. A  small  nodule,  the  size  of  a  navy  bean,  in  the  left  epididymis.  Eye- 
grounds  normal.  The  blood  showed  haemoglobin  15  per  cent.,  red  cells 
912,000,  nucleated  cells  21  per  cubic  millimetre,  of  which  14  were  megalo- 
blasts.  Marked  irregularity  of  nucleus ;  poikilocytosis  present,  with  poly- 
chromatophilia. 

A  blood  examination  made  June  6, 1900,  showed  haemoglobin  19  per  cent., 
red  cells  762,000,  whites  7000.  nucleated  reds,  21  per  cubic  millimetre,  of 
which  14  were  megaloblasts  and  7  normoblasts.  Polychromatophilia  and 
poikilocytosis  present. 

This  patient  presented  every  condition,  as  far  as  the  appearance  and 
physical  findings  go,  of  a  pernicious  anaemia;  and  although  the  color  index 
is  relatively  low,  the  other  conditions  of  the  blood  make  the  diagnosis  prac- 
tically certain. 

Case  XVII.— Male,  aged  forty-six  years,  married,  American;  was  seen  on 
March  28,  1900.     Negative  history  as  to  inherited  disease;  good  habits. 
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Venereal  disease  denied.  Lived  in  South  Dakota  several  years,  and  imme- 
diately preceding  the  present  illness  used  the  alkaline  waters  of  that  region 
as  a  drink.  Present  illness  began  about  fifteen  months  ago.  He  first  noticed 
signs  of  weakness  and  lessened  endurance,  then  had  a  rather  severe  serious 
diarrhoea.  He  noticed  that  the  skin  was  yellowish  and  very  pale.  Since  that 
time  has  had  some  fermentative  dyspepsia,  with  diarrhoea  off  and  on,  the 
bowels  usually  loose. 

During  the  first  half  of  1899  there  was  some  improvement,  when  the  patient 
came  to  Wisconsin  to  remain  with  his  father's  family.  He  gradually  became 
weaker,  and  was  confined  to  bed  in  September,  1899,  and  had  a  severe  watery 
diarrhoea.  He  lost  some  in  weight.  Again  there  was  improvement  until 
February  1,  1900.  Since  that  time  there  has  been  a  rapid  decline  of  health, 
with  weakness,  palpitation  of  the  heart,  dyspnoea  on  exertion,  and  a  suffo- 
cative feeling,  with  post-sternal  pressure,  sometimes  radiating  to  the  arms 
when  excited  or  when  walking  up  stairs.  In  February,  1900,  a  blood  exam- 
ination made  by  the  Columbus  Medical  Laboratory  of  Chicago  showed 
haemoglobin  37  per  cent.,  reds  1,702,000. 

Examination  showed  a  well-nourished  man  as  to  weight,  with  a  lemon- 
yellow  pallor.  Pulse  small,  130  per  minute ;  heart  area  normal;  a  soft  sys- 
tolic murmur  at  the  base  and  apex,  the  murmur  transmitted  into  the  neck. 
A  loud  venous  hum  in  the  neck.  The  lungs,  the  abdomen,  and  the  pelvis 
negative ;  slight  oedema  of  the  ankles.  The  retinae  normal ;  no  petechial 
spots;  the  urine  contained  a  great  number  of  crystals  of  uric  acid,  but  no 
abnormal  ingredients.  Blood  examination  showed  haemoglobin  20  per  cent., 
reds  701,200,  whites  4140 ;  32  nucleated  cells  per  cubic  millimetre,  of  which 
24  were  megaloblasts.  Poikilocytosis  was  very  marked  and  polychromato- 
philia  present.     This  case  is  one  of  undoubted  pernicious  anaemia. 

The  case  shows  a  very  low  red  count,  and  is  remarkable  in  that  the  megalo- 
blasts are  very  large  and  show  a  very  intense  irregularity  in  shape  of  the 
nucleus,  characteristic  of  extreme  degeneration.    Poikilocytosis  was  extreme. 

The  patient  died  at  his  home  in  Wisconsin  the  first  half  of  April.  No 
autopsy. 

Case  XVIII. — Male,  aged  fifty-five  years,  married,  American,  civil  engi- 
neer. Seen  April  1,  1900,  with  Drs.  Staples  and  Hancock,  of  Dubuque, 
Iowa.  Family  history  negative;  venereal  history  negative;  good  habits. 
His  wife  has  borne  no  children.  During  the  summer  of  1899  the  patient 
noticed  that  his  color  was  not  as  ruddy  as  formerly,  and  that  he  had  lost 
energy  and  became  fatigued  quickly.  Dr.  Hancock  found  negative  physical 
conditions  except  of  the  blood,  which,  on  November  12th,  gave  2,550,000  red 
cells.     The  haemoglobin  was  not  estimated. 

Restorative  tonics  in  the  form  of  iron  and  arsenic  were  used,  but  the 
patient  gradually  lost  ground.  On  January  2d,  Dr.  Hancock  found  red  cells 
1,980,000,  with  many  megaloblasts  and  marked  poikilocytosis.  Patient's 
weight  was  155  pounds,  the  usual  weight  for  the  last  few  years.  He  com- 
plains of  great  weakness  and  prostration.     He  had  palpitation  of  the  heart, 
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ringing  in  the  ears,  and  was  dizzy  when  he  changed  the  position  of  the  body. 
Appetite  was  good  until  recently ;  the  bowels  were  usually  constipated.  The 
patient  had  no  pain  ;  there  was  a  lemon-yellow  color  skin.  Pulse  was  small, 
weak,  and  80  to  the  minute.  There  was  a  soft  systolic  murmur  heard  at  both 
the  apex  and  base  of  the  heart — loudest  over  the  aortic  area — transmitted 
into  the  neck.  The  second  sound  in  both  the  aortic  and  pulmonic  areas  was 
accentuated.  There  was  a  venous  hum  in  the  neck.  The  lungs  were  nega- 
tive ;  the  spleen  was  negative ;  the  liver  extended  from  the  sixth  rib  to  one 
inch  below  the  costal  margin  in  the  mammary  line,  and  the  edge  was  hard 
and  resistant.  The  pelvis  was  negative ;  the  reflexes,  both  deep  and  super- 
ficial, were  normal ;  the  eye-grounds  were  normal ;  the  urine  was  normal,  with 
much  uric  acid  deposited  in  crystals.  Blood  showed  haemoglobin  20  per 
cent.,  1,674,000  reds,  1140  whites,  with  5  nucleated  red  cells,  of  which  4 
were  megaloblasts.  Poikilocytosis  was  very  marked,  and  polychromato- 
philia  was  present. 

On  April  18th  a  blood  count  was  made  by  Dr.  Hancock,  which  showed 
haemoglobin  20  per  cent.,  reds  1,342,000,  whites  1750,  with  many  megalo- 
blasts, and  marked  poikilocytosis.  This  case  is  an  undoubted  one  of  per- 
nicious anaemia  without  discoverable  cause. 

The  color  index  was  below  normal,  but  the  nucleated  red  cells  were  very 
large  and  showed  degenerative  nuclei.     A  small  white  count  is  notable. 

Case  XIX. — Male,  aged  fifty-two  years,  banker.  Seen  on  April  13,  1900, 
with  his  physician.  Dr.  B.  F.  Land-is.  Family  history  excellent.  Has  never 
used  alcohol  or  tobacco,  and  denies  venereal  disease.  Has  always  led  a 
sedentary  life.  No  previous  illness  except  the  diseases  incident  to  child- 
hood. Two  years  ago  first  noticed  lessened  energy  and  strength,  gradual 
decline  without  incident  until  the  fall  of  1899;  then  was  very  pale,  weak, 
and  without  much  energy  or  endurance.  Remained  up  and  about  until 
the  middle  of  March,  1900,  but  since  then  has  been  confined  to  bed. 

Examination  showed  a  lemon-color  pallor  without  loss  of  weight.  Pulse 
weak,  90  to  the  minute.  Heart-sounds  weak ;  a  systolic  murmur,  heard 
loudest  in  the  mitral  area,  and  also  at  the  base,  transmitted  into  the  vessels 
of  the  neck ;  a  venous  hum  over  the  veins  of  the  neck.  Negative  general 
findings  as  to  liver,  spleen,  pelvic  organs,  and  the  eye-grounds  were  normal. 
Cutaneous  sensations  normal.  The  breath  was  fetid  and  the  tongue  was 
covered  with  a  white  fur.  Urine  was  normal.  Blood  showed  25  per  cent, 
of  haemoglobin,  reds  156,000,  whites  5336,  26  nucleated  red  cells,  of  which 
24  were  megaloblasts.  Poikilocytosis  very  marked  and  polychromatophilia 
present. 

On  June  9,  1800,  a  blood  examination  gave  haemoglobin  30  per  cent.,  red 
cells  996,000,  whites  3330,  10  nucleated  red  cells  (all  megaloblasts)  per  cubic 
millimetre. 

The  patient  died  June  16th.     No  autopsy  was  allowed. 

Case  XX. — Male,  aged  twenty-six  years,  single,  American;  was  admitted 
to  the  Presbyterian  Hospital,  Chicago,  June  1,  1900.     No  tuberculosis  or 
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history  of  carcinoma  in  the  family ;  denies  venereal  disease.  Had  the  usual 
diseases  of  childhood  before  the  fifteenth  year.  In  1890  had  a  severe  attack 
of  grippe;  not  as  strong  as  before  that  time.  Present  illness  commenced 
after  an  attack  of  grippe  in  December,  1899.  A  year  ago  noticed  weakness, 
lessened  endurance,  palpitation  of  the  heart,  and  dyspnoea  on  exertion.  Ting- 
ling formication,  numbness  and  coldness  of  feet  and  legs  occurred  in  January, 
1899,  and  have  persisted.  Was  told  he  was  very  pale ;  did  not  lose  in  weight ; 
appetite  and  digestion  remained  good  and  the  bowels  were  usually  regular. 
Had  some  fever,  he  thinks,  during  the  afternoon  on  several  occasions.  Con- 
tracted a  cold  two  weeks  ago,  and  since  that  time  has  had  a  slight  cough, 
with  some  yellowish  sputa. 

On  examination  bodily  weight  was  well  preserved ;  skin  very  pale  and 
lemon-yellow  tint;  mucous  membrane  very  pale.  Negative  physical  find- 
ings as  to  lungs,  liver,  and  gastro-intestinal  tract.  Urine  negative ;  spleen 
palpable.  A  blowing  systolic  murmur  was  heard  in  the  mitral  and  aortic 
areas — not  transmitted.  A  venous  hum  was  heard  over  the  large  vessels  of 
the  neck.  Pulse  100  per  minute,  quick,  and  somewhat  water-hammer  in 
character;  a  capillary  pulse  in  mucous  membrane  of  the  lips.  The  knee- 
jerks  absent;  cremasteric  reflexes  present.  Skin  of  the  lower  extremities 
respond  to  test  for  tactile  temperature  and  pain  sensations.  Subjective  par- 
sesthesias  of  legs  present.  The  blood  showed  red  cells  756,000,  white  cells 
3008,  hsemoglobin  30  per  cent.  No  differentiation  of  white  or  red  cells  was 
made.  June  15th  a  second  blood  examination  gave  reds  980,000,  whites 
8000,  and  haemoglobin  26  per  cent.  Poikilocytosis  was  very  marked.  There 
were  660  nucleated  red  cells  per  cubic  millimetre,  of  which  400  were  megalo* 
blasts. 

GENERAL    CONCLUSIONS. 

Of  the  twenty  cases  twelve  were  males  and  eight  females.  The 
average  age  was  forty-four  years — the  youngest  twenty-four,  the  old- 
est sixty-two.  No  exciting  cause  could  be  found  in  any  case.  There 
was  no  special  relation  to  the  use  of  alcohol,  nervous  shock,  overwork, 
or  to  previous  disease,  excepting  possibly  in  the  one  case  where 
syphilitic  gumma  of  the  soft  palate  occurred. 

The  symptoms  were :  weakness,  which  was  a  constant  symptom, 
never  disappearing,  and  present  in  some  degree  even  when  the  patient 
was  at  the  top  of  the  wave  of  improvement ;  and  dyspnoea  and  palpi- 
tation occurred  at  some  time  or  other  during  the  course  of  the  disease 
in  every  patient.  Gastro-intestinal  disturbance  of  some  kind,  usually 
fermentative  dyspepsia  with  constipation  or  diarrhoea,  was  the  rule. 
A  few  cases  showed  a  constant  tendency  to  diarrhoea. 

The  nervous  symptoms  were  frequent,  especially  paraesthesias  of 
the   lower   extremities,  and  headache  with  dizziness  was   common. 
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Sleeplessness  and  restlessness  occurred  in  the  late  stages  of  the  fatal 
cases. 

The  lemon-yellow  tint  was  present  in  every  case.  In  the  great  ma- 
jority of  the  cases  there  was  preservation  of  the  body  weight. 

Cardio-vascular  disturbance  was  an  invariable  feature.  In  every 
case  there  was  either  a  murmur  over  the  heart  or  in  the  neck,  and 
the  radial  pulse  was  weak  and  compressible. 

There  was  splenic  enlargement  in  five  cases.  The  liver  was  palpa- 
ble and  enlarged  in  three  cases.  In  only  three  cases  were  the 
stomach  contents  examined  after  a  test  meal.  Free  hydrochloric 
acid  was  absent  in  all  cases. 

The  temperature  was  elevated,  as  a  rule,  but  was  slight  and  never 
high,  excepting  a  few  days  before  death  in  some  of  the  fatal  cases. 

A  slight  albuminuria  occurred  in  five  cases. 

The  stools  were  negative  as  to  parasites  in  all  but  one.  In  this  one 
infusoria  in  large  numbers  were  constantly  present  and  associated  with 
diarrhoea. 

Hemorrhages  in  the  skin,  either  petechias  or  ecchymoses,  occurred 
in  the  majority  of  cases.  Retinal  hemorrhages,  demonstrated  by  the 
ophthalmoscope,  occurred  in  four  cases. 

The  haemoglobin  varied  from  15  to  74  per  cent.  (Fleischl)  and  the 
red  corpuscles  from  156,000  to  4,000,000.  The  color  index  in  53  of 
Q6  observations  was  above  normal.  The  lowest  was  0.66,  the  highest 
8.9  (?).  Four  cases  showed  the  color  index  either  constantly  or  usually 
low.  In  eight  cases  the  low- color  index  occurred  at  some  time  dur- 
ing the  disease.  The  fall  in  the  color  index  during  rapid  improve- 
ment took  place  in  five  of  six  cases,  the  corpuscular  richness  often  be- 
coming less  than  normal.  The  haemoglobin  in  the  course  of  time  caught 
up  with  the  reds  (see  charts).  When  improvement  was  gradual  the 
increase  in  both  elements  was  pari  passu.  The  specific  gravity  bore 
a  more  constant  relation  to  the  number  of  red  corpuscles  than  the 
haemoglobin.  During  rapid  improvement  it  was  noticed  that  there 
was  a  tendency  of  the  haemoglobin  to  lag  behind  the  other  solids  of 
the  blood  in  their  upward  course  (see  charts). 

The  leucocytes  on  the  average  were  below  normal.  They  generally 
corresponded  to  the  degree  of  anaemia,  increasing  during  improvement 
and  decreasing  during  decline.  They  increased  in  two  cases  just  be- 
fore death,  a  terminal  leucocytosis. 
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A  differential  count  (see  Chart  VI.)  of  stained  specimens  showed 
an  average  of  29J  per  cent,  of  mononuclear  cells,  which  is  about  nor- 
mal. Very  frequently  there  was  a  percentage  increase  of  the  small 
mononuclear  cells.  This  would,  at  first  glance,  look  like  an  absolute 
increase  of  the  small  mononuclears,  and  possibly  account  for  the  in- 
correct statements  made  by  authors  upon  this  point.  The  increase  is 
only  relative.  It  has  been  observed  in  these  cases  that  the  high  per- 
centage count  of  the  leucocytes  was  nearly  always  accompanied  by  a 
small  number  of  leucocytes  per  cubic  millimetre,  thus  bringing  the 
absolute  number  of  lymphocytes  per  cubic  millimetre  within  the  nor- 
mal limits.  What  actually  took  place  was  a  diminution  in  the  number 
of  polymorphonuclear  neutrophiles,  both  relative  and  absolute. 

The  eosinophiles  showed  a  disposition  to  increase  with  improvement 
and  to  diminish  with  the  failing  health,  but  this  behavior  was  too 
fickle  to  enable  one  to  formulate  a  rule  concerning  them. 

The  myelocytes  were  most  abundant,  broadly  speaking,  when  the 
patient  was  low,  but  they  appeared  to  be  of  little  diagnostic  or  prog- 
nostic importance.  These  cases  seemed  to  show  that  the  nucleated 
red  cells  are  an  essential  feature  of  the  disease.  They  were  present 
in  every  case,  although  they  often  disappeared  when  the  patient  made 
a  decided  gain  in  health.  The  actual  number  was  sometimes  very 
large,  in  one  case  10,336  per  cubic  millimetre,  but  more  often  it  was 
small.  The  average  number  present  in  a  cubic  millimetre,  with  the 
exception  of  the  case  in  which  the  number  was  so  large,  was  71. 
With  this  small  number  it  often  requires  a  prolonged  search  to  dis- 
cover them  in  the  ordinary  smear. 

In  individual  cases  a  comparison  of  the  number  of  nucleated  red 
cells  present  from  time  to  time  was  of  considerable  value,  but  when  a 
small  number  was  present  it  was  not  necessarily  a  favorable  sign. 
Many  subjects  were  characterized  throughout  by  a  scarcity  of  nucle- 
ated reds,  and  again  they  were  diminished  before  death.  The  quality 
of  the  nucleated  cells  seems  of  greater  significance  than  the  number. 
The  regenerative  forms,  or  normoblasts,  are  of  little  consequence,  but 
the  degenerative  forms,  or  megaloblasts,  are  very  characteristic.  In 
many  cases  they  were  present,  and,  in  fact,  the  diagnosis  could  not 
well  be  made  in  their  absence.  The  proportion  of  megaloblasts  varied 
with  the  severity  and  stage  of  the  disease,  usually  gaining  a  numerical 
ascendancy  over  the  normoblasts  when  the  disease  was  advanced. 
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Irregularity  of  the  nucleus  in  the  normoblasts  often  means  an  attempt 
at  division ;  in  the  megaloblast  it  is  more  often  an  incident  in  the 
process  of  degeneration  and  absorption  of  the  nucleus.  Megaloblasts, 
therefore,  which  have  irregular  nuclei  represent  a  greater  degree  of 
degenerative  change  than  the  ordinary  variety.  This  peculiarity  was 
noted  in  almost  every  one  of  the  series,  and  often  when  other  findings 
were  not  decisive.  This  variety  of  nucleus  is  probably  seen  rarely, 
if  at  all,  in  secondary  anaemias. 

Poikilocytosis  was  present  in  all  cases,  and  in  no  case  did  it  entirely 
disappear  at  any  stage  of  the  disease,  including  the  period  of  greatest 
improvement. 

Polychromatophilia  was  present  at  some  time  in  all  of  the  cases,  but 
was  not  a  constant  factor  during  the  course  of  the  cases,  and  especially 
during  the  stage  of  improvement. 

To  my  assistant.  Dr.  Joseph  A.  Capps,  I  desire  to  acknowledge 
much  valuable  aid  in  the  collection  of  clinical  data  and  in  making 
blood  examinations. 
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PERNICIOUS  ANEMIA;    A  STUDY  OF  ONE  HUNDRED 

AND  TEN  CASES. 


By  RICHARD  C.  CABOT,  M.D., 

OF  BOSTON. 


The  diagnosis  in  these  cases  rests  upon  the  following  evidence : 

1.  Autopsy  (in  addition  to  clinical  evidences)  ...       19  ca.ses. 

2.  Typical    symptoms,    signs,    blood    examination,    and 

course,  ending  in  death — no  autopsy        .         .         ,       60     '* 
Typical    symptoms,    signs,    blood    examination,    and 

course,  but  not  known  to  be  dead  (lost  sight  of)       .       19     ''' 

3.  Typical    symptoms,    signs,    blood    examination,    and 

course,  but  still  alive  (recent  cases) .         .         .         .       12     " 

Total        .         .         .        .        .         .110  cases. 

These  figures  will  be  further  discussed  later  on,  but  are  given  here 
simply  to  indicate  what  is  included  in  the  paper.  In  addition  to 
these  110  cases  I  have  seen  22  others,  which  I  think  probably  were 
cases  of  pernicious  anaemia,  but  in  which  a  full  account  of  the  histology 
of  the  blood  or  some  other  item  necessary  to  diagnosis  is  lacking. 

Etiology.  Among  my  cases  there  has  been  a  slight  preponderance 
of  males :  57  males  to  63  females.  The  majority  of  the  cases  have 
occurred  after  the  fortieth  year ;  in  fact,  only  28  occurred  at  an  ear- 
lier age.  I  have  had  no  typical  cases  under  nine  years  of  age.  I  say 
no  typical  cases,  for  though  I  have  known  fatal  cases  of  anaemia  in 
younger  children,  the  anaemia  has  always  seemed  to  me  to  be  of  a 
different  type  from  that  occurring  in  older  persons.  Sixty-three  of 
these  cases  occurred  between  the  fortieth  and  the  sixtieth  year,  19 
were  over  sixty,  4  over  seventy,  the  oldest  being  seventy-nine. 

All  of  these  cases  came  from  Boston  or  its  vicinity,  and  almost  all 
professions  and  walks  of  life  were  represented.  One  fact  which  sur- 
prised me  was  the  occurrence  of  no  less  than  seven  cases  in  the  wives 
of  physicians. 
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In  four  cases  the  symptoms  began  immediately  after  parturition  or 
during  the  previous  pregnancy.  Of  a  relationship  to  the  time  of  the 
menopause  it  is  difficult  to  make  any  accurate  statement,  since  the 
catamenia  always  stops  when  the  anaemia  begins.  Fourteen  cases 
occurred  at  about  the  time  when  the  menopause  is  to  be  expected. 
No  definite  relationship  with  syphilis  or  with  intestinal  parasites  could 
be  traced  in  any  case.  There  was  a  history  of  tertian  malaria  in  four, 
but  nothing  pointed  to  its  being  the  cause  of  the  anaemia.  Hemor- 
rhage played  a  part  in  the  symptomatology  of  thirty-seven  cases,  but 
in  no  case  preceded  the  onset  of  the  other  symptoms.  The  source 
of  hemorrhage  in  these  cases  was  as  follows : 

Bowel  (including  piles) .15 

Nose 13 

Gums  (steady  oozing  in  2) 12 

Stomach .         .         .         .7 

Uterus 3 

Lungs 2 

Skin 2 

Ear  (1  pint  lost  on  one  occasion) 1 

Kidney 2 

Two  cases  were  complicated  by  diffuse  nephritis.  There  was  no  rela- 
tion to  cancer  in  any.  Psychic  factors  were  prominent  in  three  cases. 
In  one  of  these  the  patient's  symptoms  dated  from  the  time  when  it 
was  her  misfortune  to  witness  the  suicide  of  her  son. 

Frequency.  The  fact  that  so  many  cases  came  under  my  personal 
observation  within  seven  years  seems  to  me  to  show  that  the  disease 
is  more  common  than  is  usually  supposed. 

Symptoms.  On  the  whole,  the  most  striking  thing  to  me  as  I  look 
over  these  cases  is  the  uniformity  and  monotony  of  the  symptoma- 
tology. One  case  is  remarkably  like  another.  Again,  I  am  surprised 
at  the  relative  freedom  from  symptoms  in  many  of  them.  Several 
times  I  have  had  to  restrain  patients  from  going  to  work,  although 
their  red  corpuscles  numbered  less  than  2,000,000  per  cm.  Other 
patients  with  blood  equally  impoverished  have  told  me  that  they  felt 
almost  if  not  quite  well. 

The  gravity  of  such  symptoms  as  are  present  does  not  seem  to  be 
in  any  way  proportional  to  the  impoverishment  of  the  blood.  Cases 
with  only  half  a  million  corpuscles  often  feel  better  than  others  with 
a  million  and  a  half. 
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Again,  it  should  be  mentioned  that  pernicious  anaemia  is  compati- 
ble with  a  very  fair  color  in  the  cheeks.  I  have  had  three  cases  with 
typical  signs  and  symptoms  of  pernicious  anaemia  in  whom,  from  the 
appearance  of  the  face,  one  would  never  have  suspected  the  diagnosis. 
The  earliest  as  well  as  the  most  frequent  of  all  symptoms  is  mus- 
cular weakness.  In  two  cases  this  was  the  only  complaint  when  the 
patient  first  came  under  observation.  Next  to  this,  the  earliest  as 
well  as  the  most  frequent  complaint  was  of  pallor,  which  in  the  great 
majority  of  cases  had  the  pale  yellow  cast  so  often  spoken  of.  This 
tint,  while  I  do  not  think  it  can  be  held  to  be  peculiar  to  pernicious 
anaemia,  is  certainly  a  very  suggestive  symptom  ;  but  it  is  rather  the 
combination  of  yellow  pallor  with  plumpness  in  the  face  which  makes 
us  suspect  the  presence  of  pernicious  anaemia. 

Next  to  these  symptoms  in  the  order  of  frequency  is  dyspnoea,  then 
gastric  symptoms — nausea  or  vomiting,  which  were  nearly  as  common 
as  those  last  mentioned.  It  is  noteworthy  that  in  fifty-seven  cases  the 
vomiting  occurred  without  any  antecedent  nausea.  In  this  series,  as 
in  that  previously  published,^  I  found  it  characteristic  of  the  disease 
that  gastric  symptoms  occur  paroxysmally,  with  intervening  periods 
of  relatively  good  digestion.  This  fact  speaks  decidedly  against  the 
supposition  that  the  changes  in  the  gastric  mucous  membrane  (which 
are  present,  no  doubt,  in  many  cases)  are  such  as  to  cause  a  serious 
impediment  to  digestion  or  absorption.  Atrophy  of  the  gastric  tubules 
cannot  come  and  go  as  the  symptoms  do. 

Lack  of  appetite  was  complained  of  in  not  more  than  two-thirds 
of  the  cases.  One  patient  said  he  never  could  get  enough  to  satisfy 
his  appetite.  Swelling  of  the  lower  extremities  was  a  fairly  constant, 
although  a  relatively  late  symptom.  Palpitation  was  complained  of 
much  less  than  dyspnoea.  Physical  examination  of  the  heart  showed 
in  most  cases  nothing  more  than  the  functional  murmurs  which  we 
expect  in  any  anaemia.  They  are  usually  less  marked  in  pernicious 
anaemia  than  in  chlorosis.  In  seventeen  cases  there  was  evidence  of 
mitral  regurgitation,  and  in  six  of  these  cases  an  enlargement  of  the 
heart  was  demonstrated. 

The  condition  of  the  bowels  was  abnormal  in  the  majority  of  cases. 
Diarrhoea  occurred  paroxysmally  in  43  cases  and  constipation  in  32. 

1  Boston  Medical  and  Surgical  Journal,  1896. 
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Symptoms  referable  to  the  nervous  system  were  as  follows :  Vertigo 
was  complained  of  in  about  half  the  cases ;  headache  in  34 ;  ringing 
in  the  ears  in  30 ;  while  signs  and  symptoms  suggestive  of  changes 
in  the  spinal  cord  were  present  in  31.  Difficulty  of  vision  was  men- 
tioned in  20  cases. 

Metinal  examination  was  made  in  36  cases.  Of  these  15  showed 
retinal  hemorrhage ;  21  showed  a  normal  retina. 

Enlargement  of  the  liver  could  be  demonstrated  in  30  cases,  and  of 
the  spleen  in  13.  About  half  the  cases  showed  evidence  of  emacia- 
tion, while  in  the  remainder  the  fat  layer  was  well  preserved.  Fever 
occurred  in  about  two-thirds  of  the  cases,  ranging  from  one  hundred 
degrees  upward  in  23  cases ;  in  26  the  temperature  was  constantly 
normal  or  subnormal.  The  urine  was  normal  in  53  cases ;  showed 
the  presence  of  albumin  in  23  cases,  with  casts  in  addition  in  21.  It 
was  usually  pale  or  normal  in  color ;  only  twice  was  it  dark. 

The  Blood.  There  are  undoubtedly  periods  in  the  course  of  most 
cases  of  pernicious  anaemia  in  which  the  diagnosis  cannot  be  made  by 
the  blood  examination  alone.  The  same  can  be  said  of  malaria.  But 
it  is  further  true  that  the  condition  of  the  blood  in  a  case  of  pernicious 
anaemia  may  vary  a  great  deal  from  day  to  day,  so  that  it  is  unsafe  to 
draw  conclusions  from  a  single  examination ;  for  example,  I  have 
repeatedly  failed  to  find  any  megaloblasts  at  the  first  examination,  yet 
had  no  difficulty  in  discovering  them  a  day  or  two  later.  Through 
reliance  on  the  findings  of  a  single  examination  I  have  twice  made 
mistakes  in  diagnosis. 

Regarding  the  characteristics  of  the  blood  in  the  active  stages  of  the 
disease,  I  have  nothing  to  add  to  what  I  have  previously  said  in  other 
writings  ;^  but  comparatively  little  has  been  written  regarding  the  con- 
dition of  the  blood  during  the  remissions  of  the  disease.  This  I  have 
had  an  opportunity  of  observing  in  many  cases,  and  have  noted  the 
following  facts : 

1.  The  Color  Index.  When  the  red  corpuscles  begin  to  increase 
the  color  index  may  remain  relatively  high  or  even  become  still  higher ; 
but  in  the  majority  of  cases  this  is  not  so.  As  a  rule,  in  the  remis- 
sions of  the  disease  the  haemoglobin  is  relatively  low,  as  in  ordinary 
symptomatic  anaemia,  and  I  have  seen  two  cases  which,  if  examined 

1  For  summary  of  blood  examination  in  110  cases,  see  next  page. 
Am  Phys  22 
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for  the  first  time  during  the  period  of  remission,  would  have  certainly 
been  mistaken  for  ordinary  chlorosis. 

2.  The  Leucocytes.  Coinciding  with  the  increase  in  the  red  cells 
there  is  usually  a  still  greater  increase  in  the  leucocytes,  so  that  for  a 
time  a  moderate  leucocytosis  may  be  present.  This  increase  is  made 
up  very  largely  of  polymorphonuclear  neutrophiles,  and  is  due,  no 
doubt,  to  the  increased  activity  of  the  marrow  through  which  both  red 
corpuscles  and  granular  leucocytes  are  multiplied.  As  the  percentage 
of  polymorphonuclear  neutrophiles  increases  the  percentage  of  lympho- 
cytes decreases,  and  the  myelocytes,  which  are  usually  present  in  small 
percentages  during  the  active  stages  of  the  disease,  disappear.  The 
number  of  megaloblasts  steadily  decreases,  and  in  their  place  normo- 
blasts appear  for  a  time ;  later  they,  too,  leave  the  circulating  blood. 
The  size  of  the  individual  red  cells  is  sometimes  greater  during  a  remis- 
sion of  the  disease  than  at  any  other  time.  In  one  remarkable  case  the 
patient,  whose  symptoms  had  totally  disappeared  and  who  was  actively 
at  work  as  a  newspaper  correspondent,  dropped  in  to  see  me  one  day, 
apparently  in  splendid  health  and  spirits.  His  skin  and  mucous  mem- 
branes were  ruddy  red,  his  haemoglobin  100  per  cent.,  yet  to  my  great 
surprise  I  found  only  2,500,000  red  cells  to  the  cubic  millimetre.  The 
stained  specimens  showed  the  largest  red  cells  which  I  have  ever  seen, 
for  the  most  part  perfectly  well  shaped  and  natural  looking,  but  aver- 
aging 12//  in  diameter.  This  stage  is,  however,  a  comparatively  short 
one,  and  the  size  of  the  red  corpuscles  soon  becomes  normal  or  sub- 
normal. The  abnormal  staining  reactions  and  the  oval  forms  disap- 
pear. As  a  rule,  the  count  of  corpuscles  does  not  remain  long  above 
4,000,000,  but  ranges  in  the  neighborhood  of  3,000,000  during  the 
greater  part  of  the  remission. 

Summary  of  the  conditions  found  in  the  blood  of  110  cases  at  the 
time  of  the  first  examination  : 

a.  Red  cells  numberied : 

From     500,000  to  1,000,000  in  .         .         .         .         .  27 

''     1,000,000  to  1,500,000  in  .....  45 

"     1,500,000  to  2,000,000  in 34 

Total  cases  under  2,000,000         .         .         .         .106 
From  2,000,000  to  2,500,000  in  .....       4 

110 
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b.  Leucocytes  numbered  : 

Under  1,000 9 

1,000  to    3,000 23 

3,000  to     5,000 40 

5,000  to    7,000 24 

7,000  to  10,000 12 

10,000  to  13,000 2 


c.  Haemoglobin  : 

Relatively  high  in 

Not  relatively  high  ...... 

d.  Average  diameter  of  red  cells  at  time  of  first  examination  : 

Increased  in     .......         . 

Not  increased  in 


e.  Megaloblasts  at  time  of  first  examination : 

Predominate  in 

Later  examination,  predominate  in 
Only  one  examination,  no  megaloblasts  . 


/.   Lymphocytes  between  20  per  cent,  and  30  per  cent,  in 


30 

it 

"    40 

40 

a 

"    60 

60 

(I 

''    80 

80 

i( 

"    90 

110 

79 
31 

110 


21 
110 

87 

20 

3 

110 

34 

34 

33 

6 

3 

110 


Eosinophiles: 

Under  4  per  cent 90 

Over    4  per  cent 13 

None  found       ..........  7 


h.  Myelocytes.     Present  in  66  cases.     Highest  percentages : 
10  per  cent,  in         ......         . 

9         "  " 

8         "  " 


110 

2 
1 
2 
2 


Diagnosis.  In  view  of  the  fact  that  there  are  but  nineteen  autop- 
sies in  my  series,  the  question  may  be  raised  whether  I  have  not  in- 
cluded cases  of  hitent  gastric  cancer  or  other  disease,  of  which  the 
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anaemia  was  but  a  symptom.  My  reasons  for  thinking  differently  are 
as  follows : 

(a)  In  each  of  the  nineteen  cases  in  which  an  autopsy  was  obtained 
the  symptoms,  the  signs,  the  course  of  the  disease,  and  the  condition 
of  the  blood  were  of  a  definite  and  characteristic  type,  practically 
identical  in  every  case,  and  differing  in  important  respects  from  the 
conditions  seen  by  me  in  any. one  of  several  hundred  cases  of  well- 
identified  symptomatic  anaemia  of  equal  severity. 

(h)  For  purposes  of  comparison  I  have  carefully  studied  symptoma- 
tology, course,  and  the  condition  of  the  blood  in  several  hundred  cases 
of  anaemia,  obviously  symptomatic,  occurring  in  the  course  of  aestivo- 
autumnal  malaria,  gastric  cancer,  or  nephritis — all  of  them  cases  as 
severe  as  those  included  in  my  present  series — that  is,  all  of  them 
showing  less  than  2,000,000  red  cells  per  cubic  millimetre.  A  very 
rich  material  for  this  study  was,  furnished  by  the  cases  of  malaria  oc- 
curring in  the  soldiers  returning  from  the  late  war  in  Cuba.  Despite 
the  most  careful  study  of  these  cases,  I  have  never  been  able  to  find 
any  in  which  the  symptoms,  signs,  course,  and  the  condition  of  the 
blood  were  like  those  occurring  in  the  nineteen  cases  of  pernicious 
anaemia  with  autopsy  mentioned  above. 

The  distinctive  features  in  the  diagnosis  of  pernicious  anaemia  are 
as  follows : 

1.  A  slow,  insidious  onset  without  recognizable  cause. 

2.  Remarkable  freedom  from  pain. 

3.  Striking  absence  of  emaciation  (in  most  cases). 

4.  The  frequent  presence  of  symptoms  suggesting  disease  of  the 
spinal  cord. 

5.  Paroxysmal  attacks  of  diarrhoea  and  vomiting,  occurring  without 
any  obvious  relation  to  diet  or  to  treatment,  preceded  and  followed 
by  periods  in  which  digestion  and  absorption  were  performed  without 
apparent  difficulty. 

6.  The  tendency  to  great  spontaneous  improvement  in  all  the 
symptoms,  followed  by  rapid  and  inevitable  relapse. 

7.  A  reduction  in  the  red  corpuscles  to  a  point  below  2,000,000 
per  cubic  millimetre,  without  a  corresponding  reduction  in  the  haemo- 
globin ;  a  reduction  in  the  number  of  leucocytes,  and  especially  in  the 
number  of  polymorphonuclear  neutrophiles ;  the  presence  of  large 
numbers  of  over-sized,  well-stained  red  corpuscles,  some  of  them  con- 
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taining  nuclei  (megaloblasts),  together  with  a  tendency  to  abnormal 
staining  relations  and  to  an  oval  shape  in  the  red  corpuscles. 

The  distinctive  feature  in  the  diagnosis  of  secondary  or  symptomatic 
anaemia  are: 

1.  The  presence  of  a  well-recognized  cause. 

2.  The  steady  progress  of  the  symptoms,  especially  in  malignant 
disease.  If  gastro- intestinal  symptoms  are  present  they  seldom  im- 
prove spontaneously. 

3.  Emaciation. 

4.  The  blood. 

This  tissue  shows  usually  a  relatively  low  percentage  of  haemoglo- 
bin, and  the  number  of  leucocytes,  and  especially  of  the  polymorpho- 
nuclear neutrophiles,  is  apt  to  be  increased,  although  this  is  by  no 
means  invariable.  The  size  of  the  individual  red  cells  is  usually 
normal  or  diminished  and  their  centres  strikingly  pale.  Over-sized 
red  corpuscles  may  be  present  and  may  occasionally  contain  nuclei ; 
but,  as  a  rule,  they  are  greatly  in  the  minority,  and  such  nucleated 
red  corpuscles  as  are  present  are  chiefly  of  the  normoblastic  type. 
The  tendency  to  abnormal  staining  reactions  and  to  an  oval  shape  in 
the  red  corpuscles  is  usually  much  less  marked  than  in  pernicious 
anaemia. 

(c)  Having  established  to  my  own  satisfaction  the  existence  of  two 
types  of  anaemia — the  one  (pernicious  anaemia)  on  the  basis  of  nine- 
teen autopsies  and  of  a  definite  type  of  symptoms  and  signs  occurring 
in  every  case ;  the  other  (secondary  anaemia)  recognized  by  the  exist- 
ence of  an  obvious  cause,  according  to  the  action  of  which  the  symp- 
toms progressed  or  ameliorated — it  seems  to  me  justifiable  to  conclude 
that  the  other  cases  of  my  series,  which  were  clinically  identical  with 
the  nineteen  in  which  an  autopsy  was  obtained,  were  cases  of  perni- 
cious anaemia,  and  would  have  shown  typical  changes  at  autopsy,  had 
this  been  obtainable. 

Practically,  latent  gastric  cancer  with  anaemia  is  the  only  disease 
which  anyone  is  likely  to  confuse  with  pernicious  anaemia.  In  all  such 
cases  which  have  come  under  my  observation  the  symptomatology  and 
course,  as  well  as  the  condition  of  the  blood,  has  been  very  different 
from  that  of  typical  pernicious  anaemia.  It  is  true  that  in  two  cases 
of  typical  pernicious  anaemia,  diagnosed  as  such  by  Ehrlich  himself,  a 
cancerous  nodule  the  size  of  a  walnut  was  found  in  the  stomach  post- 
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mortem  ;  but  in  such  cases  I  see  no  sufficient  reason  for  believing  that 
the  cancer  was  the  cause  of  the  anaemia.  Cancerous  growths  are  not 
usually  accompanied  by  any  considerable  degree  of  anaemia  until  they 
have  reached  a  considerable  size.  It  seems  to  me  more  reasonable  to 
suppose  that  in  Ehrlich^s  cases  the  cancerous  nodules  occurred  as  a 
complication  and  not  as  the  cause  of  the  anaemia.  Latent  cancerous 
growths  complicating  other  diseases  have  been  repeatedly  found,  and 
no  one  would  consider  a  case  of  nephritis  or  of  phthisis  due  to  cancer 
of  the  stomach  because  such  a  growth  was  found  in  the  stomach  post- 
mortem. 

{d)  "J.  priori  (Askanazy  and  other  writers  have  said),  there  cannot 
be  a  distinction  clinically  between  pernicious  anaemia  and  secondary 
anaemia,  because  there  is  no  distinction  in  the  marrow  between  normo- 
blast and  megaloblast."  This  is  not  upheld,  however,  by  later  re- 
search. Pappenheim's  work  goes  to  show  that  there  are  two  types 
of  blood  formation — the  foetal  and  the  adult — with  two  types  of  cor- 
puscles, differentiated,  not,  as  Ehrlich  supposes,  by  the  fate  of  their 
nuclei,  nor,  as  has  often  been  stated,  by  the  size  and  staining  affinities 
of  their  nuclei,  but  chiefly  by  the  size  of  the  whole  cell  and  by  the 
characteristics  of  the  nuclear  network.  It  is  practically  though  not 
strictly  true  to  say  that  a  megaloblast  is  an  abnormally  large  red  cor- 
puscle with  a  nucleus  of  any  kind,  while  a  normoblast  is  a  normal- 
sized  red  cell  with  any  kind  of  nucleus.  Large,  pale  nuclei  are  simply 
young  nuclei. 

{e)  "  It  is  a  common  mistake  to  suppose  that  by  pernicious  anaemia 
we  mean  simply  a  very  severe  or  fatal  anaemia.  But  pernicious  anaemia 
is  not  always  very  severe ;  there  are  relatively  mild  cases  which  run  on 
for  several  years  and  are  compatible  with  a  very  fair  degree  of  health, 
although  always  fatal  within  six  years,  so  far  as  my  observation  goes. 
On  the  other  hand,  a  case  of  secondary  or  symptomatic  anaemia,  such 
as  that  due  to  hemorrhage  or  to  malaria,  may  be  rapidly  fatal  and  yet 
is  easily  distinguishable  by  its  symptomatology  and  by  the  condition  of 
the  blood  from  pernicious  anaemia.  I  have  no  experience  leading  me 
to  believe  that  there  is  any  such  condition  as  "secondary  pernicious 
anaemia." 

(/)  In  the  initial  stages  of  the  disease  and  during  remissions  diag- 
nosis may  be  impossible.  The  same  is,  of  course,  true  of  many  of  the 
best  known  diseases. 
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{g)  The  anaemia  due  to  intestinal  parasites,  especially  to  the  both- 
riocephalus  latus,  is  entirely  indistinguishable  from  pernicious  anaemia. 
This  has  been  abundantly  proved  by  the  magnificent  monograph  of 
Schaumann,  and  if  we  are  to  consider  bothriocephalus  ansemia  as  sec- 
ondary,  as  it  seems  natural  to  do,  we  must  admit  that  this  particu- 
lar type  of  secondary  anaemia  is  absolutely  indistinguishable  from  the 
so  called  primary  or  pernicious  anaemia. 

A  word  may  here  be  said  regarding  the  use  of  the  term  '^  primary 
anaemia,"  which  means  to  me  simply  an  anaemia  of  whose  cause  we  are 
ignorant.  None  of  the  causes  as  yet  adduced  to  explain  pernicious 
anaemia  seem  to  me  satisfactory,  although  T  think  there  is  a  good  deal 
of  evidence  for  believing  that  it  is  due  to  a  poison  absorbed  from  the 
gastro-intestinal  tract  and  exerting  its  deleterious  effect  upon  the 
blood,  the  heart,  the  spinal  cord,  and  the  gastro-intestinal  tract  itself. 
Among  these  changes  I  am  by  no  means  sure  that  the  anaemia  is  the 
most  important,  and  I  regard  the  others  as  co-ordinate  with  it  rather' 
than  as  resulting  from  it.  This  view  is,  to  my  mind,  supported  by  the 
fact  that  the  severity  of  the  clinical  symptoms  is  not  by  any  means 
proportional  to  the  degree  of  blood  impoverishment. 

Course.  In  90  cases  I  have  accurate  data  as  to  the  course  and 
progress  of  the  disease ;  in  the  others  my  records  are  somewhat  defec- 
tive. Out  of  these  90  only  20  were  progressive.  In  70  there  was 
one  or  more  remissions  in  which  great  improvement  took  place,  the 
symptoms  for  the  most  part  disappearing,  the  patient's  color  and 
blood-count  becoming  nearly  or  quite  normal.  Twenty-one  of  these 
were  able  to  return  to  work,  and  felt  as  well  as  ever. 

Although  it  is  well-known  that  pernicious  anaemia  is  not  a  pro- 
gressive disease,  but  comes  upon  the  patient  in  successive  waves  or 
paroxysms,  I  think  the  full  significance  of  these  facts  has  not  been 
realized.  But  a  short  time  ago  I  was  talking  with  a  member  of  this 
Association,  who  seemed  inclined  to  doubt  the  diagnosis  of  a  case  of 
pernicious  anaemia  because  the  improvement  of  the  case  had  been  so 
marked  and  so  rapid.  I  desire,  therefore,  to  emphasize  the  point 
that  the  disease  rarely  goes  on  progressively  from  bad  to  worse,  and 
should  be  expected  to  show  one  or  more  waves  of  great  improve- 
ment—  improvement  which  for  the  most  part  occurs  without  any 
relation  to  treatment,  and  which  treatment  has  no  power  to  render 
permanent. 
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I  have  thought  it  of  interest  to  put  together  the  rate  of  improve- 
ment in  some  of  my  cases  : 

In  Case  VII.  of  my  series  the  red  cells  increased  from  1,800,000 
up  to  5,200,000  in  fourteen  days.  In  Case  XXXIX.  the  red  cells 
increased  from  2,200,000  to  4,000,000  in  thirteen  days.  In  Case 
LYIII.  the  red  cells  increased  from  1,500,000  to  3,200,000  in  twelve 
days.  In  Case  XCI.  the  red  cells  increased  from  1,700,000  to 
3,000,000  in  fourteen  days. 

Similar  observations  have  been  reported  by  Ehrlich  and  other  ob- 
servers. 

It  is  quite  possible,  although  I  have  no  figures  to  prove  it,  that  in 
the  periods  of  decline  the  red  corpuscles  may  fall  as  rapidly  as  they 
subsequently  rise.  This  possibility  is  suggested  by  the  fact  that  one 
rarely  sees  pernicious  ansemia  in  an  early  stage — that  is,  until  the  red 
corpuscles  have  fallen  below  2,000,000  per  cubic  millimetre.  Only 
four  of  my  cases  showed  more  than  2,000,000  red  corpuscles  per  cubic 
millimetre  at  the  time  of  the  first  examination  of  the  blood. 

Prognosis.  Of  the  seventy  cases  which  I  have  been  able  to  follow 
from  start  to  finish  the  majority  have  lasted  less  than  two  years ;  only 
twelve  lasted  more  than  three  years,  and  only  two  more  than  four 
years,  the  longest  being  five  years.  The  number  of  relapses  varied 
from  two  to  five  or  six.  It  has  seemed  to  me  that  such  relapses  were 
especially  apt  to  occur  in  the  early  spring,  and  I  think  it  is  not  im- 
possible that  a  more  direct  relationship  between  the  progress  of  the 
cases  and  the  weather  may  later  be  demonstrable.  Remissions  may 
occur  even  after  the  red  cells  have  fallen  as  low  as  half  a  million  per 
cubic  millimetre.  In  one  of  my  cases  the  patient  went  steadily  down 
hill  for  four  months,  until  he  was  too  weak  to  leave  his  bed,  and  finally 
became  comatose,  with  convulsions.  At  this  time  he  was  not  expected 
to  live  through  the  night,  yet  he  subsequently  recovered  sufiiciently 
to  be  able  to  do  light  work  about  his  farm.  In  the  active  stages  of 
the  disease  continuous  fever  may  be  present,  and  in  two  such  cases 
the  diagnosis  of  typhoid  was  made. 

Out  of  the  whole  series  there  has  not  been  one  genuine  recovery  so 
far  as  I  am  aware.  Of  the  twelve  who  are  known  to  be  still  alive 
eight  have  been  under  observation  only  a  few  months,  and  are  fast 
going  down  hill.  Of  the  other  four,  two  have  been  under  observation 
for  two  years,  one  for  two  and  a  half,  and  one  for  three  and  a  half 
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years.  In  the  latter  case  the  condition  of  the  blood  is  now  entirely 
normal,  except  for  a  moderate  diminution  in  the  haemoglobin.  The 
patient  feels  entirely  well. 

Of  the  nineteen  whom  I  have  lost  sight  of,  the  majority  were  getting 
rapidly  worse  when  last  heard  from. 

Duration.  Of  the  seventy-nine  cases  regarding  which  I  have 
complete  data,  including  the  date  of  death — 

30  lived  less  than  1  year  from  the  earliest  symptoms. 
20     ''       "       ''     2  years  "  "  '' 

10     '^    from  2  to  3     '' 

7     ''       ''     3to4     " 

3     ''       *'     4to5     " 

Treatment.  Most  of  these  cases  received  Fowler^s  solution  in 
gradually  increasing  doses  continued  over  long  periods.  In  eight  of 
them  bone-marrow  was  used,  either  alone  or  with  Fowler's  solution. 
In  three  of  them  inhalations  of  oxygen  were  given.  Personally  I  do 
not  believe  that  any  of  these  therapeutic  agents  has  any  effect  on  the 
course  of  the  disease.  I  have  seen  great  improvement  follow  each  of 
them,  but  when  the  inevitable  relapse  later  took  place  the  use  of  the  same 
remedies  proved  unavailing.  On  the  other  hand,  I  have  several  times 
seen  sudden  improvement  occur  and  the  blood  count  become  normal 
when  absolutely  no  medicine  was  being  given.  Several  times  such 
improvement  followed  immediately  upon  or  coincided  with  an  attack 
of  diarrhoea,  as  if  the  increased  intestinal  peristalsis  had  removed  from 
the  system  substances  which  were  poisoning  it.  Acting  upon  this 
suggestion,  I  have  of  late  treated  several  cases  with  laxatives  or  pur- 
gatives, in  the  hope  of  preventing  thereby  the  absorption  of  poisonous 
substances  from  the  intestines.  As  to  the  results  of  such  treatment  I 
am  not  yet  prepared  to  speak. 


CLINICAL  NOTES  OF  CASES  OF  PERNICIOUS 
ANEMIA. 


By  FEEDERICK  P.  HENRY,  M.D. 

OF  PHILADELPHIA. 


This  paper  is  intended  to  be,  for  the  most  part,  as  its  title  implies, 
a  clinical  one.  The  cases  described  were  studied  at  the  bedside 
rather  than  in  the  laboratory.  In  their  investigation  instruments 
of  precision  were  employed  ;  not  so  much  to  determine  the  numerical 
relations  of  histological  elements  in  each  individual  case  as  for  pur- 
poses of  diagnosis — in  other  words,  to  distinguish  the  disease  per- 
nicious anaemia  from  other  diseases  which  it  may  resemble,  and  espe- 
cially from  latent  gastric  carcinoma. 

In  three  of  the  five  cases  which  I  now  report  there  were  autopsies, 
and  it  is  to  be  regretted  that  no  histological  studies  of  the  post-mor- 
tem specimens  were  made.  For  this  my  responsibility  is  only  in- 
direct, as  the  examinations  were  made  by  the  pathologists  of  the 
hospital  in  which  the  patients  died. 

Case  I.  Profound  ancemia,  with  all  the  characteristics  of  the  pernicious  type  ; 
peripheral  neuritis,  with  paralysis  of  extensors  ;  bronzing  of  skin,  with  freckle- 
like  spots  upon  its  surface.  Result  fatal. — Annie  McC,  aged  sixty-four  years, 
native  of  Ireland,  domestic ;  admitted  to  Philadelphia  Hospital  December 
29,  1896.  Family  history  excellent.  Parents,  brothers,  and  sisters  well  and 
strong  up  to  advanced  period  of  life. 

History  of  present  illness.  The  patient  was  also  well  and  strong,  with  a 
good  healthy  color,  until  one  year  ago,  when  well-marked  gastro-intestinal 
disturbances  set  in.  These  consisted  of  pain  after  eating,  and  frequent  vom- 
iting, with  diarrhoea,  which  symptoms  have  persisted  in  greater  or  less  degree 
up  to  the  present  time.  The  vomited  matters  consisted  sometimes  of  the 
ingested  food ;  at  others  solely  of  bile  and  mucus.  In  consequence  she  has 
lost  much  in  weight,  although  is  far  from  being  '*  emaciated."  During  the 
period  mentioned  she  has  lived  chiefly  on  milk,  other  food  aggravating  the 
above-mentioned  troubles.  There  has,  however,  been  almost  complete  anor- 
exia. 
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Symptoms  on  admission.  Great  weakness  and  lassitude,  shortness  of  breath, 
palpitation  of  the  heart  and  praecordial  oppression,  with  dull  aching  pain  in 
the  epigastrium.  Constriction  of  the  waist,  as  by  corsets,  insupportable ; 
cannot  partake  of  solid  food ;  but  eggs,  milk,  and  water  cause  little  or  no 
distress.  A  distinct  systolic  murmur,  loudest  at  the  apex,  was  heard  and 
considered  too  harsh  to  be  merely  hsemic. 

I  took  charge  of  the  ward  containing  this  patient  on  February  1,  1897,  up 
to  which  time  the  blood  had  not  been  examined.  The  intense  lemon-tinted 
pallor  was  highly  suggestive  of  pernicious  anaemia,  and  this  diagnosis  was 
confirmed  by  the  first  blood-count,  which  was  made  on  February  12th, 

Number  of  red  cells,  1,050,000  per  c.mm. — 21  per  cent.;  haemoglobin,  25 
per  cent.;  marked  poikilocytosis.  No  estimate  of  the  white  cells,  either 
absolute  or  relative,  is  recorded  in  the  ward  notes. 

From  this  time  until  the  patient's  death,  on  June  23,  1897,  the  following 
counts  were  made  : 

March  15,  1897.  Number  of  red  corpuscles,  500,000 ;  number  of  white 
cells,  5200;  Hb.,  19  per  cent. 

April  I'dth.     Number  of  red  corpuscles,  560,000  ;  Hb.,  14  per  cent. 

May  l\th.  Number  of  red  corpuscles,  938,000;  Hb.,  36  per  cent.;  white 
cells,  3000. 

June  l%th.     Number  of  red  corpuscles,  375,000;  Hb.,  18  per  cent. 

The  eye-ground  was  examined  by  Dr.  Charles  A.  Oliver,  who  reported 
several  hemorrhages  scattered  over  the  retina,  the  larger  ones  near  the 
periphery. 

From  the  voluminous  ward  notes  of  this  case  it  appears  that  there  was 
marked  improvement  as  regards  the  digestive  disturbances,  with,  however, 
occasional  inexplicable  attacks  of  diarrhoea  and  vomiting. 

On  February  19th  the  patient  began  to  complain  of  a  tingling  sensation 
and  numbness  in  feet  and  hands,  and  on  March  3d  these  pains  are  recorded 
as  being  so  severe  as  to  elicit  cries  of  pain. 

The  following  note  was  made  on  March  15th :  For  several  days  the  patient 
has  been  complaining  of  neuralgic  pains  in  the  feet  and  hands  and  extending 
up  the  arms  along  the  nerve  trunks,  with  gradually  increasing  weakness  and 
numbness,  until  to-day  there  is  complete  paralysis  of  extensors  of  hand  and 
the  same  condition  of  those  of  the  feet.  She  is  unable  to  hold  any  object 
with  either  hand.  Fowler's  solution,  which  had  been  administered  in  doses 
of  10  to  20  drops  for  three  weeks,  stopped,  the  arsenic  being  regarded  as  a 
possible  cause  of  the  paralysis.  Opposed  to  the  hypothesis  of  arsenical  neu- 
ritis is  the  fact  that  no  gastro-intestinal  disturbance  had  been  excited  by  the 
drug  (on  the  contrary,  that  previously  existing  had  subsided)  or  any  oedema 
of  the  face.  The  patient  at  this  date  declared  herself  better,  except  as  regards 
the  neuritis,  than  for  six  weeks  previously.  Her  statements  are,  however, 
unreliable,  her  mind  being  readily  open  to  suggestions.  The  blood-count  at 
this  date  showed  but  10  per  cent,  of  red  blood-corpuscles. 

April  23d     At  this  date  a  condition  of  slight  general  anasarca  was  noted, 
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the  face  being  oedematous,  especially  on  the  side  on  which  the  patient  lay,  and 
the  hand  hanging  over  the  bed  on  the  same  side  being  decidedly  swollen. 

May  2Sth.  For  two  or  three  weeks  previous  to  this  date  there  had  been 
some  improvement  as  regards  the  general  condition,  the  patient  sitting  up 
occasionally,  but  the  paralysis  of  the  extensors  remained  complete.  The 
following  extract  is  from  the  ward  notes  of  May  28th : 

Watery  diarrhoea  continues ;  oedema  of  the  face  and  hands  has  entirely 
disappeared.  The  skin  of  the  entire  surface  of  the  body  has  grown  darker, 
with  many  brown  patches,  like  freckles,  upon  its  surface,  most  marked  on 
the  hands  and  arms. 

June  5th.  This  morning  the  patient  is  very  weak,  and  since  the  disappear- 
ance of  the  oedema  (which  began  to  subside  about  ten  days  before  this  date) 
her  emaciation  is  apparent.  Her  color  is  no  longer  typical  of  pernicious 
ansemia;  skin  is  rather  of  a  light-bronze  tint;  foot-drop  still  persists, 
although  there  is  a  little  more  power  in  its  extensor  tendons ;  hands  much 
improved  as  to  movements  of  extension. 

On  June  1st  this  patient  passed  out  of  my  care,  but  from  the  notes  it 
appears  that  the  asthenia  was  rapidly  progressive,  and  enhanced  by  rapidly 
recurring  attacks  of  gastro-intestinal  disorder.  As  above  stated,  d«ath 
occurred  on  June  23,  1897. 

The  urine  was  repeatedly  examined.  On  one  occasion  a  trace  of  albumin 
was  found,  and  on  another  a  few  small  granular  casts.  Its  specific  gravity 
varied  from  1014  to  1020. 

A  differential  count  of  the  leucocytes  was  recently  made  from  a  specimen 
of  blood  from  this  case  by  Dr.  L.  N.  Boston,  with  the  following  result : 

Polynuclear  leucocytes         .         .         .         .57    per  cent. 

Large  lymphocytes 18         " 

Small  lymphocytes 20.5      " 

Eosinophil e  cells 4.5      '' 

"  In  counting,  600  white  cells  9  megaloblasts  and  15  normoblasts  were  seen. 

The  following  conditions  were  found  at  the  autopsy  : 

Interstitial  nephritis,  ovarian  cyst,  multiple  uterine  fibroid  tumors,  ather- 
oma of  aorta,  pericarditis  in  patches,  vegetations  in  mitral  valves,  oedema  of 
lungs. 

Case  II.  Profound  ancemia  following  repeated  epistaxis ;  characters  of  the 
blood  as  regards  fiumber  of  red  corpuscles  and  percentage  of  Jib.  the  same  as 
those  of  pernicious  ancemia  ;  C'.nvulsions  following  transfusion,  the  giver  of  the 
blood  being  epileptic;  continued  fever.  Death. — Samuel  B.,aged  seventy  years, 
colored,  sent  to  the  Philadelphia  Hospital  from  the  House  of  Correction, 
February  10,  1897.  No  history  of  previous  illness  except  rheumatism  until 
two  months  ago,  when,  after  a  blow  on  the  nose,  epistaxis  began.  This  has 
continued  at  intervals  ever  since. 

On  admission  the  patient  was  in  a  semi-comatose  condition.  The  tongue 
was  thickly  coated,  the  breath  offensive,  the  bowels  loose,  and  the  ocular 
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conjunctiva  yellow.  A  soft  systolic  murmur  was  heard  over  the  base  of  the 
heart,  and  a  few  mucous  rales  at  bases  of  lungs  behind ;  the  respirations 
were  feeble  and  the  heart-sounds  distant  and  muffled.  Temperature  the 
morning  after  admission  102°;  pulse  100,  soft  and  compressible;  respira- 
tions 20. 

The  first  blood  count  was  made  February  21st.  Number  of  red  cells  per 
c.mm.,  1,357,000;  number  of  white  cells  per  c.mm.,  5236.  The  Hb.  was 
not  estimated,  nor  is  there  any  record  of  a  differential  count  of  the  white  cells. 

It  should  have  been  stated  that  epistaxis  was  present  on  admission,  and 
was  arrested  by  tamponing  the  nares. 

The  condition  of  the  patient  steadily  deteriorated  until  March  5th,  when 
I  determined  to  employ  transfusion  after  the  method  of  Brakenridge,  of 
Edinburgh.  This  consists  of  the  intravenous  injection  of  blood  kept  fluid 
by  admixture  with  one-third  of  its  bulk  of  a  5  per  cent,  solution  of  sodium 
phosphate. 

The  marked  success  attendant  upon  this  measure,  reported  by  Brakenridge 
and  Affleck,  fully  warrants  its  employment  in  cases  of  pernicious  anaemia 
which  do  not  improve  under  purely  medicinal  treatment.  The  entire  amount 
transfused  by  Brakenridge  at  one  time,  or  rather  by  Duncan,  who  performed 
the  operations,  varied  from  two  to  six  ounces. 

The  operation  was  performed  by  one  of  my  surgical  colleagues,  Dr.  John 
B.  Shober,  on  March  5th.  Six  ounces  of  blood  were  obtained  from  a  colored 
man,  an  epileptic,  of  about  the  same  age  as  Samuel  B.,*the  patient.  The 
blood  was  immediately  mingled  with  two  ounces  of  a  6  per  cent,  solution  of 
sodium  phosphate  and  the  mixture  injected  into  the  cephalic  vein  of  the 
right  arm  under  all  the  usual  antiseptic  precautions. 

During  the  operation  the  patient  became  very  restless,  with  marked  dysp- 
noea, and  perspired  profusely.  About  two  hours  after  the  operation  his  nose 
began  to  bleed,  and  also  the  wound  in  the  bend  of  the  arm  where  the  trans- 
fusion was  made. 

March  6th.  Passed  a  bad  night ;  pulse  frequent  and  feeble,  beating  at  the 
rate  of  140  most  of  the  time.  The  temperature,  which  at  the  time  of  the 
transfusion  and  for  weeks  previously  had  reached  102^  in  the  evening,  rap- 
idly fell  until  at  11  p.m.  of  the  6th  it  reached  96°.  After  that  it  rose  as 
rapidly  until  on  the  evening  of  the  8th  it  reached  102.8°.  It  then  resumed 
its  former  course  until  the  patient's  death,  on  April  16,  1897. 

The  general  condition  of  the  patient  began  to  improve  on  March  10th,  up 
to  which  time  he  had  been  in  a  semi- comatose  condition,  with  muttering 
delirium,  feeble,  rapid  pulse,  and  almost  inaudible  heart-sounds.  The  treat- 
ment during  this  period  consisted  largely  of  the  hypodermatic  administration 
of  strychnine  in  doses  of  one-twentieth  of  a  grain. 

15^A.  Had  a  good  night  and  was  bright  and  cheerful  in  the  morning. 
During  the  day  he  had  three  convulsions,  each  lasting  but  a  few  seconds 
and  attended  with  unconsciousness.  The  spasm  was  limited  to  the  muscles 
of  the  face,  which  was  drawn  toward  the  right  side.     On  the  17th  he  bit  his 
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tongue  during  one  of  these  spasms,  which  still  remained  limited  to  the  right 
facial  muscles.  After  this  date  the  convulsions  did  not  recur.  Those  con- 
vulsive attacks  excited  considerable  comment  on  the  part  of  those  who  were 
familiar  with  the  case,  on  account  of  the  remarkable  coincidence,  if  it  is 
nothing  more,  that  the  giver  of  the  blood  transfused  into  the  veins  of  the 
patient  was  an  epileptic. 

Slst.  The  blood  was  examined  to-day ,with  the  following  result :  Red  corpus- 
cles 660,000  per  c.mm.;  haemoglobin,  17  per  cent.;  white  cells  3600  per  c.mm. 

Death  occurred  on  April  16,  1897. 

An  autopsy  was  performed,  of  which  the  following  notes  were  made  : 
Tuberculosis  (?)  of  mesentery  and  retroperitoneal  glands.  Emphysema  of 
left  lung.  Effusion  into  both  pleural  sacs  and  into  the  pericardium.  Old 
pleural  adhesions  in  right  side.  Chronic  interstitial  nephritis.  Spleniza- 
tion  of  bone-marrow. 

Exception  may  be  taken  to  my  regarding  this  case  as  one  of  per- 
nicious an£emia,  on  the  ground  that  the  illness  began  with,  and 
was  kept  up  by,  loss  of  blood.  The  characters  of  the  blood  were, 
however,  those  of  pernicious  not  those  of  post-hemorrhagic  anaemia. 
This  is  especially  shown  by  the  figures  of  the  last  count,  which  gave 
13  per  cent,  of  red  cells  and  17  per  cent,  of  haemoglobin. 

In  post-hemorrhagic  ana3mia  the  percentage  of  haemoglobin  is,  as 
a  rule,  decidedly  lower  than  that  of  the  red  cells,^  and,  in  addition, 
there  is  not  only  a  relative  but  an  absolute  hyperleucocytosis.  In 
the  case  of  Samuel  B.  the  number  of  the  white  cells  was  absolutely 
diminished.  The  splenizatioo  of  the  marrow  of  the  long  bones  is 
also  corroborative  of  the  diagnosis  of  pernicious  anaemia. 

A  differential  count  of  the  blood  cells  recently  made  by  Dr.  L. 
N.  Boston  gave  the  following  rcoult  : 

Polynuclear  leucocytes 48  per  cent. 

Large  lymphocytes 37        " 

Small  lymphocytes  .         .         .         .         .         .12        " 

Eosinophile  cells      .         .         .         .         .         .3        " 

In  counting,  600  white  cells,  8  megaloblasts  and  7  normoblasts 
were  seen. 

Case  III.  Extreme  ancemia  with  percentage  of  color  higher  than  that  of 
number  ;  marked  g astro-intestinal  disorder  ;  great  improvement  under  the  use  of 
arsenic  and  orexine. — Andrew  F.,  aged  forty-two  years;  laborer;  admitted 
January  23,  1898. 

Family  history  good,  both  parents  living  to  advanced  age,  one  dying  at 

1  See  chart  in  "  Die  Ansemie,"  by  Lazarus,  in  Nothnagel's  Specielle  Pathologie  und  Therapie. 
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eighty-five,  the  other  at  seventy-two.  One  brother  died  from  accident, 
another  still  living  ;  a  sister  died  from  typhoid  fever. 

Up  to  April,  1897,  the  only  illness  of  any  moment  experienced  by  the 
patient  was  typhoid  fever,  with  which  he  was  attacked  when  twelve  years 
old.  In  April  last  he  had  an  attack  similar  to  the  present  one,  character- 
ized subjectively  by  great  prostration  and  dizziness,  and  objectively  by 
extreme  pallor. 

The  present  illness  began  four  weeks  ago  at  Sparrow's  Point,  near  Balti- 
more. The  first  symptoms  were  chilly  sensations,  lasting  more  than  a  week, 
followed  by  painful  throbbing  of  the  head.  Two  weeks  before  the  chills 
began  it  was  noticed  that  he  was  becoming  extremely  pale.  The  appetite 
has  been  very  poor,  the  bowels  regular,  and  there  has  been  cough  with  slight 
expectoration. 

On  admission  he  appeared  much  older  than  his  age — forty -two  years.  His 
pallor  was  extreme,  and  the  mucous  membrane  milky  white.  Vessels  at 
base  of  neck  pulsated  strongly.     Pulse  frequent,  quick,  and  soft. 

Lungs  yield  normal  signs  except  in  right  infraclavicular  region,  which  is 
slightly  dull,  and  over  which  there  is  slightly  increased  vocal  resonance. 
Apex  beat  of  heart  not  visible,  but  palpable  in  fifth  intercostal  space  in 
nipple  line.  Soft,  blowing,  systolic  murmur  at  apex.  Liver  not  enlarged. 
Area  of  splenic  dulness  slightly  increased.  Deep  reflexes  very  slight.  Diges- 
tion much  disturbed ;  anorexia  marked ;  vomiting  induced  by  slight  exertion, 
such  as  getting  out  of  bed. 

Eye-ground  examined  by  Dr.  Charles  A.  Oliver,  February  3, 1898  :  "  Well- 
marked  neuroretinitis,  with  both  deep-seated  and  superficial  hemorrhages  in 
retina  and  optic  nerve,  most  marked  in  right  eye." 

The  urine  was  examined  on  several  occasions  and  found  free  from  albu- 
min and  sugar. 

The  blood  was  examined  on  January  25th,  two  days  after  admission : 

Number  of  red  corpuscles,  884,000  =  17.6  percent.;  haemoglobin,  25  per 
cent.;  white  cells,  8500.     Marked  poikilocytosis. 

January  31,  1898.     Second  blood-count : 

Number  of  red  corpuscles,  792,000 ;  white  cells,  8620. 

March  ISth.  Number  of  red  corpuscles,  2,520,000  =  50  per  cent.;  haemo- 
globin, 65  per  cent.;  white  cells,  2986. 

At  one  of  the  blood  examinations  a  stained  specimen  showed  nucleated 
red  cells  with  karyokinetic  figures. 

During  the  first  three  weeks  of  this  patient's  stay  in  the  hospital  no 
improvement  was  manifest.  His  appetite  continued  very  poor  and  his 
stomach  very  irritable,  with  daily  vomiting.  Up  to  this  time  he  had  been 
taking  Fowler's  solution  in  gradually  increasing  doses  up  to  ten  minims. 
He  was  now  given  orexine  (gr.  ij  t.  i.  d.),  and  coincidently  with  its  admin- 
istration the  appetite  and  digestion  began  to  improve,  and  soon  became 
almost  voracious.  On  February  23d  it  is  recorded  in  the  ward  notes  that 
he  ate  for  his  dinner  four  small  chops,  two  potatoes,  one  egg,  three  slices  of 


352 

bread  and  a  glass  of  milk.  The  increase  in  appetite  may  have  been  a  mere 
coincidence,  for  I  have  since  given  orexine  in  cases  of  pernicious  anaemia 
without  any  apparent  influence  upon  the  appetite. 

The  patient  was  discharged  on  April  7th  greatly  improved,  and,  according 
to  his  own  account,  as  well  as  he  had  been  for  years.  His  blood-corpuscles, 
however,  at  the  time  numbered  less  than  3,000,000  per  c.mm. 

With  reference  to  this  last  point — ^.  e.,  a  state  of  well-being  with 
50  or 60  percent,  of  the  normal  number  of  red  cells — it  would  seem 
that  in  some  cases  of  pernicious  anaemia  the  possible  maximum  blood 
count  is  a  low  one.  I  have  seen  several  cases  in  which  patients  with 
about  2,500,000  red  corpuscles  per  c.  mm.  (i.  e.,  50  per  cent,  of 
what  is  considered  normal)  declared  themselves  perfectly  well  and 
presented  all  the  external  signs  of  health.  In  one  of  the  cases  of 
this  kind  the  patient,  a  man  of  high  intelligence,  being  discouraged 
by  the  reports  of  the  blood  examinations,  and  finding  himself  in 
excellent  condition,  refused  to  have  them  continued,  although  he 
persisted  in  the  use  of  the  therapeutic  measures  from  which  he  had 
derived  so  much  benefit. 

Case  IV.  Under  observation  six  years,  during  which  there  have  been  several 
slight  and  two  severe  relapses,  chronic  g astro-intestinal  catarrh,  with  marked  ex- 
acerbations preceding  and  during  the  relapses  ;  complete  restoration  to  health. — 
W.  P.  O.,  aged  fifty-six  years,  male.  This  patient,  an  active  and  pros- 
perous business  man,  a  contractor,  has  been  under  my  observation  since 
February,  1894,  when  I  first  saw  him  in  consultation  with  Dr.  L.  D.  Judd. 
At  that  time  his  anaemia  was  extreme,  and  his  general  condition  apparently 
hopeless.  In  the  course  of  a  few  months  his  health  was  completely  restored  ; 
in  fact,  his  general  condition  became  better  than  ever  before.  During  the 
last  six  years  he  has  had  several  slight  and  two  severe  relapses,  the  latter  in 
the  spring  of  1898  and  the  autumn  of  1899  respectively. 

The  clinical  history  is  taken  almost  verbatim  from  notes  furnished  me  by 
the  patient  himself  :  '^  February  19,  1894.  Complying  with  your  request  I 
will  endeavor  to  repeat  in  writing  the  verbal  report  which  I  gave  you  on 
the  occasion  of  your  first  visit.  I  was  afflicted  with  a  severe  spell  of  the 
grip  the  first  year  of  its  appearance  here  (1889-90),  coupled  with  a  stubborn 
bronchial  cold,  and,  although  I  became  quite  strong  again  and  active,  I  have 
always  since  felt  that  I  did  not  entirely  recover  from  its  effects.  The  latter 
part  of  July,  1892,  I  had  some  very  important  work  to  do  in  a  very  limited 

time  at  — (in  the  neighborhood  of  Philadelphia),  and  spent  at  least 

three  hours  there  each  day,  anxious  in  mind  and  tired  in  body.  I  accom- 
plished the  work  a  little  ahead  of  time,  but  it  resulted  in,  or  at  least  ended 
with,  a  severe  and  protracted  spell  of  diarrhoea.  I  had  been  subject  to  sim- 
ilar but  shorter  attacks  for  several  years.    After  completing  the  work  referred 
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to,  the  entire  business  was  thrown  upon  me  for  about  two  weeks,  during 
which  the  diarrhoea  continued.  I  was  relieved  on  August  19th  and  sailed 
for  Boston,  hoping  to  recuperate  on  the  New  England  coast.  The  sea  trip 
was  very  hot,  and  I  suffered  severely.  I  returned  the  next  day,  took  to  bed 
and  remained  there  for  at  least  two  months,  being  unable  to  take  nourish- 
ment without  experiencing  great  distress.  Toward  the  first  of  the  year  1893, 
I  was  able  to  get  down  town  for  a  short  time  each  day,  but  did  not  improve 
satisfactorily.  Early  in  February  I  contracted  a  cold  which  resulted  in  an 
attack  of  erysipelas,  which  lasted  about  two  weeks.  My  convalescence  was 
rapid  ;  the  condition  of  my  stomach  improved,  and  I  was  able  to  take  cod- 
liver  oil.  Under  its  use  I  gained  in  flesh  until  in  the  spring  of  that  year  I 
weighed  138  pounds,  about  eight  pounds  more  than  I  had  weighed  for  a 
number  of  years.  During  six  weeks  of  the  summer  of  1893  I  was  at  Canan- 
daigua  Lake,  but,  owing  possibly  to  indiscretions  in  diet,  the  diarrhoea 
returned  and  my  health  again  became  worse.  It  was  still  further  impaired 
by  the  fatigue  incident  to  a  visit  to  the  Chicago  Exposition.  During  the 
fall  my  health  and  strength  steadily  deteriorated  until  I  reached  the  condi- 
tion in  which  you  found  me  in  February,  1894." 

When  I  first  saw  this  man,  on  February  3,  1894,  he  was  ghastly  pale, 
gaunt,  and  emaciated ;  in  short,  presented  the  appearance  of  an  advanced 
case  of  pernicious  anaemia.  The  diagnosis  was  confirmed  by  the  negative 
results  of  a  thorough  physical  examination  and  by  an  examination  of  the 
blood  : 

Number  of  red  corpuscles  per  c.mm.,  1,237,500;  poikilocytosis  marked; 
numerous  microcytes  ;  haemoglobin,  30  percent.;  white  cells  not  increased 
in  number. 

At  this  time  he  weighed  118  pounds. 

His  symptoms  at  this  time,  apart  from  the  sense  of  great  muscular  weak- 
ness and  dyspnoea  on  slight  exertion,  were  those  of  gastro-intestinal  disorder. 
There  was  great  uneasiness  after  eating,  borborygmi,  gaseous  eructations, 
and  abdominal  distention.     The  urine  was  free  from  albumin  and  casts. 

The  treatment  instituted  on  February  3d  consisted  of  five  grains  of  naph- 
thalin  in  capsules  thrice  daily  before  meals,  and  three  drops  of  Fowler's 
solution  immediately  after  meals.  He  had  a  good  appetite  and  was  prone  to 
over-indulge  it.  The  diet  was,  therefore,  carefully  regulated  and  restricted. 
It  was  composed  of  chicken,  fish,  chops,  eggs,  rice,  mashed  or  baked  potatoes, 
and  boiled  or  roast  onions,  of  which  he  was  very  fond.  He  was  also  allowed 
farinaceous  food  in  the  form  of  mush,  hominy,  and  oatmeal. 

The  dose  of  Fowler's  solution  was  gradually  increased  until  on  February 
22d  he  was  taking  eight  drops  thrice  daily.  Calomel  in  fractional  grain 
doses  was  also  given  at  frequent  intervals  to  regulate  the  bowels.  A  few 
days  after  the  naphthalin  was  ordered  he  complained  of  the  after-taste  of 
the  drug,  and  bismuth  salicylate  in  five-grain  doses  thrice  daily  was  substi- 
tuted. These  substances  were  ordered  with  a  view  to  intestinal  antisepsis. 
He  also  took  two  drachms  of  cod-liver  oil  twice  daily. 
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On  February  22d,  he  weighed  128  pounds — a  gain  of  ten  pounds  in  less 
than  three  weeks. 

March  12,  1894.  Number  of  red  corpuscles  =  2,762,500  (52  per  cent.) ; 
haemoglobin  =  50  per  cent.;  poikilocytosis  still  marked. 

Patient  has  just  returned  from  a  week's  stay  at  Atlantic  City,  and  looks 
and  feels  much  stronger.  Dispenses  with  his  carriage  in  going  to  business, 
preferring  the  cars.  Complains  of  slight  looseness  of  the  bowels.  He  has 
been  taking  ten  grains  of  Fowler's  solution  thrice  daily  for  the  last  two 
weeks.  This  was  ordered  to  be  stopped.  Is  to  continue  with  the  bismuth 
salicylate,  which  he  has  also  been  taking  steadily. 

April  2,  1894.  Number  of  red  corpuscles,  4,000,000 ;  corpuscles  still 
slightly  irregular  in  size  and  shape,  some  of  them  ''  tailed;"  haemoglobin, 
60  per  cent. 

It  is  interesting  to  observe,  as  I  have  pointed  out  in  other  cases, 
how,  as  improvement  progresses,  the  blood,  as  far  as  the  relative 
percentages  of  color  and  number  are  concerned,  assumes  the  char- 
acters of  chlorosis. 

23cf.  The  patient  had  just  returned  from  a  few  days'  trout  fishing  in  Mon- 
roe County,  Pa.,  and  looked  the  picture  of  health.  In  spite  of  constant  out- 
door exercise,  he  had  gained  four  pounds  in  weight.  Number  of  red  cor- 
puscles per  c.mm.,  4,275,000  ;  haemoglobin,  70  per  cent.  Corpuscles  much 
more  regular  in  outline ;  white  cells  not  estimated,  but  very  scarce. 

June  1.  Weight  143  pounds,  ten  pounds  more  than  at  anytime  during 
the  last  ten  years.  Number  of  red  corpuscles,  4,450,000  =  89  per  cent.; 
haemoglobin,  80  per  cent. 

In  the  meantime  the  treatment  previously  mentioned  had  been  continued, 
with  occasional  intermissions,  under  the  skilful  management  of  Dr.  L.  D. 
Judd.  The  improvement  continued  during  the  summer  and  autumn  of 
1894,  his  weight  increasing  to  145  pounds  in  summer.  No  further  exami- 
nations of  the  blood  were  made  until  February  18,  1895,  when  I  was  again 
consulted.  For  a  few  weeks  preceding  this  date  the  digestive  disorders  have 
recurred  and  the  patient's  weight  has  diminished  to  132  pounds.  The  bowels 
are  irregular,  constipation  alternating  with  loose  motions,  and  occasionally 
a  mass  of  mucus  is  voided  per  rectum.  There  is  no  external  evidence  of 
anaemia  beyond  a  slight  sallowness  of  the  skin.  Number  of  red  corpuscles, 
3,130,500  =  62  per  cent.;  haemoglobin,  50  per  cent.  Corpuscles  vary  greatly 
in  size  and  shape ;  no  white  cells  seen  while  counting  the  red. 

May  23, 1895.  Patient  has  just  recovered  from  an  attack  of  erysipelas.  Is 
very  thin,  weighing  but  120  pounds.  Number  of  red  corpuscles,  3,970,000  = 
79  per  cent.;  haemoglobin,  65  per  cent. 

September  14th.  Mr.  O.  has  been  in  the  Pocono]  Mountains  all  summer, 
and  is  in  good  condition,  having  regained  his  lost  weight.  The  blood  was 
examined  at  his  request.     Number  of  red  corpuscles,  3,550,000  =  71  per 


k 


PERNICIOUS    ANEMIA.  355 

cent.;  haemoglobin,  55  per  cent.  He  was  surprised  at  the  low  figures,  which, 
he  said,  did  not  correspond  to  his  sensations,  I  was  rather  averse  to  exam- 
ining the  blood  for  fear  of  just  such  a  result. 

I  did  not  again  see  Mr.  O.  professionally  until  May,  1898,  but  was  in- 
formed that  during  this  long  interval  he  was  in  good  health  and  actively 
engaged  in  business. 

May  19,  1898.  It  is  evident  that  he  is  suffering  from  a  severe  relapse. 
The  skin  is  of  a  lemon  tint,  the  lips  and  palpebral  conjunctiva  bloodless. 
Number  of  red  corpuscles  per  c.mm.  1,800,000  =  36  per  cent.;  haemoglobin, 
38  per  cent.  No  white  cells  seen  in  fields  counted,  or,  in  fact,  in  the  entire 
specimen  of  diluted  blood  beneath  the  microscope.  From  this  relapse  he 
recovered  completely. 

Another  decided  relapse  occurred  during  the  autumn  of  1899.  He  had 
been  in  the  city  all  summer,  and  hard  at  work  all  the  time  at  his  office. 

October  10,  1899.  Number  of  red  corpuscles  per  c.mm.,  1,930,000  (38  per 
cent.) ;  haemoglobin,  35  per  cent.  Under  the  use  of  arsenic,  intestinal  anti- 
septics, and  occasional  doses  of  calomel,  with  a  careful  regulation  of  the 
diet,  improvement  soon  set  in,  and  in  a  few  weeks  he  was  able  to  walk  a 
short  distance  and  to  take  long  drives.  His  blood  was  not  again  examined 
until  January  20,  1900,  when  he  came  to  see  me.  He  looked  remarkably 
well,  had  resumed  his  business,  and  declared  that  he  was,  so  far  as  his  sen- 
sations were  concerned,  in  excellent  health.  His  red  corpuscles,  however, 
numbered  but  2,700,000  per  c.mm.,  and  the  haemoglobin  amounted  to  50  per 
cent. 

I  have  made  no  further  examinations  of  the  blood  in  this  case,  but  I  have 
recently  seen  the  patient,  who  considers  himself  in  the  best  of  health,  and 
whose  general  appearance  is  indicative  of  vigor  and  activity. 

On  three  occasions  during  the  last  six  years  I  have  seen  this  man 
apparently  rescued  from  death  by  the  treatment  above  outlined,  and 
especially  by  the  use  of  arsenic  in  doses  pushed  to  the  point  of  toler- 
ance. I  need  scarcely  remind  the  members  of  this  Association  that 
we  are  indebted  to  Prof.  Byrom  Bramwell,  of  Edinburgh,  for  our 
knowledge  of  the  value  of  this  drug  in  cases  of  pernicious  anaemia* 

Case  V.  Extreme  ancemia  of  less  than  one  year's  duration  ;  pleuritic  effusion 
of  left  side  ;  death  from  erysipelas. — William  T.,  aged  sixty-two  years,  white, 
born  in  England,  by  occupation  a  wireworker ;  admitted  to  the  Philadelphia 
Hospital  January  25,  1900. 

No  disease  since  age  of  eighteen,  when  he  had  typhoid  fever.  Ten 
months  before  admission  noticed  that  in  the  evening  his  feet  and  legs  were 
swollen.  Two  months  later  he  became  decidedly  short  of  breath,  and  this 
dyspnoea  has  been  increasing  ever  since.  There  is  no  pain,  the  appetite  is 
fair,  there  are  no  marked  digestive  disturbances,  and  the  patient  sleeps  well 
at  night.     For  many  years  the  man  was  a  heavy  drinker,  but  for  the  past 
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year  or  two  has  refrained  from  the  use  of  alcoholic  liquors.  He  is  of  large 
frame  and  well  covered  with  adipose  tissue,  but  ghastly  pale,  the  skin  pos- 
sessing the  peculiar  lemon  tint  of  pernicious  anaemia.  Physical  examination 
yielded  negative  results,  except  as  regards  the  thorax,  which  on  the  left  side 
was  flat  from  the  third  rib  downward  in  front,  and  below  the  spine  of  the 
scapula  behind.  Over  this  area  behind,  the  breath-sound  was  distant  and 
bronchial,  and  the  vocal  and  tactile  fremitus  completely  absent.  Two  exam- 
inations of  the  blood  were  made  in  this  case. 

January  11th.  Number  of  red  corpuscles  per  c.mm.,  1,000,000  (20  per 
cent.) ;  haemoglobin,  20  per  cent. 

February  \st.  Number  of  red  corpuscles  per  c.mm.  (average  of  two  counts), 
945,000  (19  per  cent.) ;  haemoglobin,  18  per  cent. 

The  corpuscles  are  irregular  in  shape,  and  their  average  size  appears 
larger  than  normal.  A  few  nucleated  red  cells  (normoblasts)  with  deeply 
staining  nuclei  observed. 

An  ophthalmoscopic  examination  by  Dr.  Charles  A.  Oliver  revealed  ''no 
coarse  changes  in  either  eye." 

On  February  16th  the  patient,  who  had  been  placed  upon  the  use  of 
arsenic,  intestinal  antiseptics,  and  orexine,  and  who  was  thought  to  be 
slightly  improving,  developed  erysipelas,  which  involved  the  face  and  neck, 
and  terminated  fatally  three  days  later. 

An  autopsy  was  held,  of  which  the  following  notes  are  recorded  : 

"  Body  well-nourished ;  extremely  anaemic  ;  feet,  legs,  and  thighs  oedema- 
tons  ;  abdomen  containing  7000  c.c.  of  straw-colored  fluid  ;  left  pleura  con- 
tains 2000  c.c.  of  amber-colored  fluid;  entire  pleura  covered  with  a  thick, 
well-organized  membrane;  right  pleura  normal;  heart  cavities  filled  with 
liquid  blood ;  no  coagulum  anywhere ;  valves  and  openings  normal ;  coro- 
naries  slightly  thickened ;  heart  muscle  shows  increase  of  fibroid  tissue ;  left 
lung  is  consolidated  (from  compression)  and  airless  throughout ;  right  lung 
emphysematous,  with  small  scar  at  apex ;  liver  pale,  its  capsule  thickened, 
in  a  state  of  fatty  infiltration,  with  slight  increase  of  connective  tissue ; 
stomach  normal  as  to  size  and  thickness  of  walls ;  a  few  hemorrhagic  spots 
on  its  mucous  membrane." 

The  foregoing  cases  are  selected  from  a  number  which  have  come 
under  my  observation  during  the  last  five  or  six  years,  because  each 
of  them  possesses  points  of  practical  interest. 

In  Case  I.  there  was  paralysis  of  the  extensors  of  the  hands  and 
feet,  evidently  due  to  peripheral  neuritis  Whether  this  neuritis 
was  toxic,  induced  by  arsenic,  or  not,  is  an  open  question.  It  seems 
to  me,  however,  that  if  such  were  the  case  peripheral  neuritis  would 
be  of  common  occurrence  in  pernicious  anaemia,  most  cases  of  which 
are  treated  with  large  doses  of  this  drug.    In  one  of  the  latest  mono- 
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graphs^  on  pernicious  ausemia  it  is  stated  that  there  are  no  symp- 
toms of  importance  referable  to  the  peripheral  nerves. 

In  the  same  case  there  was  bronzing  of  the  skin,  which  might 
have  been  caused  by  the  arsenic  exhibited,  and  in  addition  there 
were  freckle-like  spots  scattered  over  the  surface  of  the  integument. 
In  another  case,  an  old  man  under  my  care  at  the  Philadelphia 
Hospital  a  few  years  ago,  the  entire  surface  of  the  body  was  covered 
with  spots  precisely  resembling  freckles,  but  the  skin  was  not 
bronzed. 

In  Case  II.  the  occurrence  of  convulsions  after  transfusion  with 
blood  from  an  epileptic  has  been  already  alluded  to.  If  these  con- 
vulsions had  occurred  immediately  after  the  operation  of  transfusion 
they  might  have  been  reasonably  attributed  to  the  circulatory  dis- 
turbance to  which  it  gave  rise.  As,  however,  they  did  not  take 
place  until  ten  days  after  the  transfusion,  the  coincidence  of  convul- 
sions in  the  giver  and  receiver  of  the  blood  seems  to  me  to  possess 
remarkable  interest. 

In  Case  III.  improvement  coincided  with  return  of  appetite, 
which  seemed  to  be  excited  and  maintained  by  orexine.  It  is  only 
proper  to  add,  however,  that  I  have  employed  orexine  to  stimulate 
the  appetite  in  other  cases,  and  in  vain. 

Case  IV.  is  remarkable  for  the  success  attendant  upon  the  treat- 
ment pursued,  and  illustrates  also  the  notorious  tendency  of  perni- 
cious anaemia  to  relapse. 

Case  V.J  which  terminated  fatally  less  than  a  month  after  admis- 
sion, is  added,  not  so  much  on  account  of  its  being  a  well-marked 
case  of  pernicious  anaemia  as  because  it  illustrates,  as  does  also  Case 
IV.,  the  tendency  of  the  disease  to  be  complicated  with  erysipelas. 

In  all  five  of  the  cases  the  blood  presented  the  characters  which 
are  universally  accepted  as  those  of  pernicious  anaemia,  namely, 
extreme  reduction  in  the  number  of  red  corpuscles  and  relatively 
high  percentage  of  haemoglobin.  All  other  blood  changes  in  this 
disease,  such  as  poikilocytosis,  microcytosis,  and  the  presence  of 
nucleated  red  cells,  large  and  small,  are,  from  the  practical  stand- 
point of  diagnosis,  of  subordinate  importance.  According  to  my 
experience  there  is  no  disease,  except  pernicious  anaemia,  in  which 

1  Die  Anamie,  von  Dr.  A.  Lazarus,  ii.  Abtheilung,  S,  137. 
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the  number  of  the  red  corpuscles  is  at  any  time  reduced  below  20  per 
cent,  of  the  normal — i.  e.,  below  1,000,000  per  c.mm. 

The  disease  with  which  pernicious  anaemia  is  most  apt  to  be  con- 
founded is,  undoubtedly,  latent  gastric  cancer.  Marked  digestive 
disturbances,  extreme  cachexia,  and  sometimes  great  emaciation  are 
common  to  both,  but  the  state  of  the  blood,  as  regards  the  number 
of  red  corpuscles,  is  widely  different  in  these  two  affections.  As  I 
have  said  elsewhere,^  I  have  never  seen  a  case  of  gastric  cancer  in 
which  the  number  of  the  red  corpuscles  was  reduced  below  30  per 
cent. — ^.  e.,  below  1,500,000  per  c.mm.,  and  I  have  found  in  the 
blood  of  such  a  case  a  few  days  before  death  2,760,000  red  corpus- 
cles per  c.  mm. — i.  e.,  45  per  cent,  of  the  normal  number,  while  the 
percentage  of  color  was  but  20.  In  another  case  of  advanced  gastric 
carcinoma  I  found  60  per  cent,  of  red  corpusctles  and  55  per  cent, 
of  haemoglobin  ;  in  still  another,  80  per  cent,  of  red  corpuscles,  and 
so  on.  Such  figures,  in  my  experience,  absolutely  exclude  perni- 
cious anaemia.  I  have  had  under  my  care  at  the  same  time,  in  the 
same  hospital  ward,  two  cases — the  one  suffering  from  pernicious 
anaemia,  the  other  from  gastric  cancer.  The  latter  was  far  weaker 
than  the  former,  while  his  red  corpuscles  were  four  or  five  times 
more  numerous.  In  cancer  of  the  stomach  the  oligocylhaemia  does 
not  keep  pace  with  the  cachexia  ;  in  pernicious  anaemia  the  cachexia 
does  not  keep  pace  with  the  oligocythaemia.  In  this  connection  I 
would  call  attention  to  the  fact  that  the  muscular  strength  and  the 
powers  of  endurance  are  often  remarkably  well  preserved  in  advanced 
eases  of  pernicious  anaemia.  For  example,  in  the  notes  of  a  case 
which  I  reported  in  collaboration  with  Prof.  Osler^  in  1886,  it  is 
recorded  that  the  patient  ^^  came  to  have  his  blood  examined,  walk- 
ing a  distance  of  nearly  two  miles.  Was  not  fatigued,  but  com- 
plained of  slight  numbness  in  the  legs."  At  that  time  the  red  cor- 
puscles numbered  1,215,000  per  cram.  (24  per  cent.),  and  the 
percentage  of  haemoglobin  was  28.  A  similar  case  is  recorded  by 
Laache,  the  patient  walking  three  kilometres,  the  entire  distance 
being  up  hill,  when  his  blood  contained  less  than  1,000,000  red  cor- 
puscles per  c.mm.^ 

1  Archiv  fiir  Verdauungskrankheiten,  Band  iv.,  Heft  1. 

2  The  American  Journal  of  the  Medical  Sciences,  April,  1886. 

3  Die  Anamie,  S.  Laache,  1883,  p.  147. 
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To  return  to  the  question  of  the  comparative  numbers  of  the  red 
corpuscles  in  gastric  cancer  and  pernicious  anaemia  :  In  the  former 
disease,  when  well  advanced,  in  fact  up  to  the  point  of  death,  I 
have  found  the  number  of  the  red  corpuscles  to  range  between 
2,000,000  and  3,000,000  per  c.mm.,  and  sometimes  to  exceed  the 
latter  figure.  On  the  other  hand,  I  have  never  seen  a  case  of  per- 
nicious anaemia  in  which,  before  death,  the  number  of  the  red  cor- 
puscles did  not  fall  far  below  1,000,000  per  c.mm.  The  compara- 
tively high  blood-count  of  gastric  cancer  has  been  observed  by  others, 
and  is,  I  presume,  generally  accepted  as  a  characteristic  of  the  dis- 
ease. For  example,  Laache  found  3,489,200  red  corpuscles  per 
c.mm.  (about  70  per  cent.)  in  a  ca?e  of  cancer  of  stomach  and  liver 
less  than  two  months  before  death  -^  67  per  cent,  in  another  ;  43 
per  cent,  in  a  third,  and  57  per  cent,  in  a  fourth.  Similar  figures 
have  been  published  by  Stengel,^  who  found  an  average  hsemic  unit 
of  58  in  three  advanced  cases  of  gastric  carcinoma.  Contrast  these 
percentages  with  7,  10,  and  18,  which  are  those  I  have  frequently 
found  in  advanced  cases  of  pernicious  anaemia.  It  is  my  opinion, 
as  the  result  of  many  years'  observation,  that  the  differential  diag- 
nosis between  pernicious  anaemia  and  latent  gastric  cancer,  and  con- 
sequently the  diagnosis  of  these  two  diseases,  may  be  more  certainly 
made  by  a  blood-count  than  by  any  other  method,  not  excluding  a 
chemical  examination  of  the  gastric  contents.  In  fact,  the  latter 
may  be  misleading,  as,  for  example,  in  cases  of  pernicious  anaemia 
associated  with  extensive  atrophy  of  the  gastric  mucosa.  In  such 
cases  anacidity,  which  is  a  characteristic  of  gastric  cancer,  is  present, 
as  a  matter  of  course.  In  the  case  already  referred  to,  which  was 
reported  by  Prof.  Osier  and  myself,  there  was  total  destruction  of 
the  mucous  membrane  of  the  stomach.  If  in  that  case  the  stomach 
contents  had  been  tested  for  HCl,  the  result  would  of  necessity 
have  been  negative,  and,  therefore,  misleading.  The  case  was 
studied  in  1886,  before  the  importance  of  anacidity  as  a  symptom 
of  gastric  cancer  was  generally  recognized,  and,  therefore,  the  diag- 
nosis was  based  upon  the  most  reliable  sign  of  pernicious  anaemia, 
the  reduction  of  the  number  of  the  red  corpuscles  to  about  25  per 
cent,  of  the  normal. 

1  Loc.  cit..  p.  63.  2  Therapeutic  Gazette,  June,  1894. 
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I  admit  the  possibility  of  the  redaction  of  the  number  of  the  red 
corpuscles  in  gastric  cancer  to  40  or  even  to  30  per  cent,  of  the 
normal — i.  e.,  to  figures  characteristic  of  pernicious  ana3mia,  although 
I  have  never  met  with  such  a  couditiou.  Supposing  such  a  case  to 
exist,  I  would  regard  it  as  one  of  pernicious  anaemia  complicated  with 
gastric  cancer,  or  as  one  of  gastric  cancer  complicated  with  perni- 
cious anaemia,  for  the  figures  last  mentioned  are  characteristic  of  per- 
nicious anaemia  and  not  of  gastric  cancer. 

The  relatively  high  percentage  of  haemoglobin,  which  is  so  char- 
acteristic of  the  blood  of  pernicious  anaemia,  depends  upon  two,  per- 
haps upon  three  causes,  of  which  but  one  is  generally  recognized  ; 

1.  It  depends  upon  the  increased  average  size  of  the  red  corpuscles, 
each  one  containing  more  than  the  normal  amount  of  haemoglobin. 

2.  Upon  the  fact  that  in  some  cases  there  is  an  unusual  number  of 
microcytes,  which  are  so  highly  colored  and  so  minute  that  they 
have  been  compared  to  ^^  small,  red-tinged  fat  globules."  They  are 
much  better  seeii  in  a  dried  smear  of  blood  than  in  the  diluted  blood 
from  which  the  count  is  made.  Whether  seen  or  not,  they  are  not 
counted,  and,  therefore,  contribute  to  raise  the  percentage  of  color. 

3.  A  high  percentage  of  haemoglobin  may  depend  upon  the  time  at 
which  the  examination  of  the  blood  is  made.  Hunter  has  called 
attention  to  the  fact  that  the  exacerbations  of  the  disease  coincide 
with  an  increased  yellowness  of  the  skin,  sometimes  amounting  to 
icterus,  and  a  deeper  color  of  the  urine,  the  latter  being  due  to  the 
presence  of  pathological  urobilin,  and  all  dependent  upon  increased 
haemolysis.  In  other  words,  the  icteric  tinge  of  the  skin  and  the 
deeper  hue  of  the  urine  are  haematogenous — i,  e.,  caused  by  a  dis- 
solution of  the  red  blood-corpuscles.  Now,  if  the  haemoglobin  is 
estimated  during  one  of  these  periods  of  exacerbations,  its  percentage 
will,  as  a  matter  of  course,  be  higher  than  previously  or  subsequently, 
since  the  more  highly  colored  plasma  contributes  to  its  elevation. 
This  is  a  point  to  which,  as  far  as  I  am  aware,  attention  has  not 
hitherto  been  directed. 

In  conclusion  I  would  reiterate  the  theory  announced  by  me  in 
1886,^  and  quoted  with  approval  by  the  late  Prof.  Harrison  Allen 
at  the  Third  Triennial  Congress  of  American  Physicians  and  Sur- 

1  Philadelphia  Medical  Times.  April  3, 1886. 
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geons/  that  the  red  blood-corpuscles  in  pernicious  anaemia  show 
marked  signs  of  reversion  to  the  type  of  blood  which  is  normal  in 
the  cold-blooded  animals.  This  theory  might  be  regarded  as  fanci- 
ful if  it  were  based  upon  a  resemblance  of  the  blood  of  pernicious 
anaemia  to  that  of  the  cold-blooded  animals  (frogs  and  eels)  in  any 
one  particular,  but  the  fact  is  that  the  red  corpuscles  of  pernicious 
anaemia  resemble  those  of  the  said  animals,  in  their  number,  their 
size,  their  shape,  and  the  amount  of  haemoglobin  they  carry.  In 
well-marked  cases  of  pernicious  anaemia  we  observe  (1)  a  reduction  of 
the  number  of  the  red  corpuscles  to  a  degree  that  is  normal  in  the 
cold-blooded  animals.  It  is  the  rule  to  find  in  this  disease,  when 
well  advanced,  less  than  1,000,000  corpuscles  per  c.mm.  Figures 
like  these  are  normal  in  the  cold-blooded  animals.  (2)  In  perni- 
cious anaemia  many  of  the  corpuscles  are  much  increased  in  size,  so 
much  so  that  they  have  received  the  name  of  megalocytes.  Many 
of  them  are  quite  as  large  as  the  corpuscles  of  the  lizard  and  eel. 
(3)  They  often  show  a  tendency  to  assume  an  oval  outline,  which  is 
that  of  the  corpuscles  of  the  cold-blooded  animals.  And  (4),  finally, 
to  make  the  resemblance  complete,  nucleated  red  corpuscles  are  com- 
monly present  in  the  blood  of  pernicious  anaemia. 

Dr.  C.  S.  Engel,  of  Berlin,^  has  recently  discussed  the  question 
whether  pernicious  anaemia  is  an  example  of  reversion  to  the  foetal 
mode  of  blood  development,  and,  after  an  elaborate  and  minute  com- 
parison of  foetal  blood  in  all  its  stages  with  the  blood  of  pernicious 
anaemia,  he  decides  it  in  the  affirmative.  Such  observations  tend  to 
support  the  view  just  advanced,  for,  according  to  all  analogy,  the 
blood-corpuscles  of  the  human  embryo  in  their  various  stages  of 
development  should  correspond  with  those  of  adult  animals  on  lower 
planes  of  evolution. 


DISCUSSION. 


Dr.  Cabot  :   I  should  like  to  ask  Dr.  Henry  if  in  the  case  that  recovered 
a  histological  examination  of  the  blood  was  made. 

Dr.  Henry  :   None,  except  the  count  and  an  estimate  of  color. 

1  Trans,  of  the  Congress  of  Am.  Phys.  and  Surg.,  vol.  iii.  p.  9.    "  Morphology  as  a  Factor  in 
the  Study  of  Disease." 

2  Virchow's  Archiv,  Band  cliii.,  S.  537. 
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Dr.  Cabot:  I  see  no  reason,  then,  to  call  it  pernicious  anaemia.  I  have 
had  a  number  of  cases  of  this  kind,  with  recovery,  but  see  no  reason  to  con- 
sider them  pernicious  anaemia. 

Dr.  Kinnicutt:  Now  that  the  differentiation  of  pernicious  from  other 
forms  of  grave  anaemia  is  possible,  the  prognosis  is  one  of  great  importance. 
The  rapidity  and  the  degree  of  improvement  with  the  occurrence  of  remis- 
sions extending  over  long  periods  in  many  cases,  had  led  him  to  believe  that 
permanent  recovery  was  possible.  In  a  remarkable  group  of  three  cases  of 
pernicious  anaemia  occurring  in  the  same  family  and  under  his  personal 
observation,  in  which  the  diagnosis  had  been  concurred  in  by  Drs.  Janeway, 
Delafield,  and  Wm.  H.  Draper,  in  one  case  the  remission  had  even  been 
maintained  for  three  years ;  in  the  second  there  had  been  one  relapse  in  this 
period.  The  third  case  had  terminated  fatally  in  the  attack  in  which  his 
advice  first  had  been  sought.  The  ages  of  the  patients  were  six,  twelve  (fatal 
case),  and  eighteen  respectively. 

Dr.  Hare  :  There  have  been  several  points  of  interest  brought  out  here. 
The  first  one  I  would  speak  of  is  the  prevalence  of  this  disease.  My  experi- 
ence with  the  frequency  of  the  disease  is  that  it  is  much  more  common  than 
the  text-books  would  have  us  believe.  It  has  seemed  to  me  more  common 
in  those  coming  from  the  country  than  in  residents  in  the  city.  Without 
statistics  being  at  hand,  it  seems  to  me  that  the  majority  of  cases  that  have 
come  under  my  observation  have  been  from  the  country  districts,  and  chiefly 
'from  the  mining  regions.  I  have  thought  of  the  possibility  of  there  being  a 
parasitic  infection  of  the  gastro-intestinal  canal,  but  have  not  been  able  to 
demonstrate  it. 

As  to  the  duration,  in  several  cases  the  patient  has  lived  for  a  number  of 
years.  One  man  died  in  my  ward  but  a  few  days  ago  who  came  under 
observation  five  years  ago,  and  who  five  months  ago  was  apparently  in  per- 
fect health.  The  singular  maintenance  of  the  subcutaneous  nutrition  is  a 
point  of  interest  which  seems  to  contradict  the  belief  that  atrophy  of  the 
gastric  tubules  is  a  common  and  important  factor. 

In  regard  to  what  Dr.  Cabot  said  about  the  use  of  arsenic,  I  would  like  to 
know  why  he  believes  this  drug  to  be  useless.  Certainly,  wonderful  improve- 
ment takes  place  under  its  use,  and  when  we  again  and  again  get  good  results 
we  must  attribute  it  to  the  drug. 

In  regard  to  the  suggestion  of  transfusion,  I  consider  that  futile.  Many 
years  ago  it  was  demonstrated  that  the  introduction  of  blood  from  one  person 
to  another  always  resulted  in  the  death  of  the  red  cells.  They  do  not  live 
after  the  transfusion,  and  frequently  there  develops  a  haemoglobinuria  as  a 
result  of  the  breaking  down  of  the  red  cells.  I  want  to  speak  also  about 
another  point  in  which  we  seem  to  have  been  in  error.  At  the  present  time 
the  medical  profession  is  seeking  information  about  the  changes  occurring  in 
the  blood  in  disease ;  but  they  get  little  information  about  the  changes  which 
take  place  in  health.     The  importance  of  this  point  has  been  emphasized  by 
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the  researches  of  Dr.  J.  K.  Mitchell,  who  has  shown  that  great  changes  take 
place  in  the  red  cells  normally  without  any  impairment  of  the  vitality  or 
health.  Reichert  and  others  years  ago  pointed  out  the  changes  which  may 
take  place  after  eating  and  during  sleep,  and  Dr.  Mitchell  has  shown  the 
chansres  occurring  under  massage,  after  saline  infusion,  etc.,  which  changes 
possibly  go  on  in  our  bodies  in  health,  so  that  examinations  of  healthy  peo- 
ple made  at  various  periods  during  the  day  might  show  great  changes  which 
have  not  been  as  perfectly  studied  as  they  should  be.  This  is  one  of  the 
weakest  points  in  our  knowledge  of  the  blood  changes.  It  is  a  constant 
element  of  uncertainty  in  comparing  results  obtained  in  healthy  and  dis- 
eased persons.  T  do  not  mean  that  I  believe  the  blood  changes  found  under 
massage,  etc.,  are  dependent  upon  the  development  of  new  cells,  but  that 
such  influences  set  them  free  in  the  peripheral  circulation. 

Dr.  Thomson  :  Hunter  has  recently  published  a  series  of  ten  cases  in 
which  he  described  a  disease  of  the  marrow.  In  these  ten  cases  he  found 
that  in  nearly  all  there  had  been  chronic  suppuration  of  the  roots  of  the 
teeth.  Two  and  a  half  months  ago  I  was  called  into  consultation  in  a  case 
occurring  in  a  policeman,  and  I  asked  the  physician  whether  he  had  ex- 
amined the  teeth,  and  he  said  "  No."  So  I  examined  them  and  found  a  num- 
ber of  decayed  teeth  and  one  bathed  in  pus.  Hunter's  view  is  that  the  chronic 
suppurative  condition  causes  the  patient  to  be  constantly  swallowing  differ- 
ent forms  of  bacteria,  and  that  these  may  set  up  an  infective  process  in  the 
gastro-intestinal  canal.    I  think  it  is  worth  while  to  examine  into  this  point. 

Dr.  McPhedran  :  Perhaps  the  most  important  part  of  Dr.  Cabot's  paper 
is  the  discussion  of  the  natural  history  of  the  disease.  In  practically  no  case 
is  the  disease  a  progressive  one,  but  rather  characterized  by  successive  periods 
of  improvement  followed  by  relapses.  His  prognosis  is,  however,  too  gloomy, 
as  some  undoubted  cases  recover.  During  the  last  few  years  I  have  had 
twenty-two  cases  under  observation ;  of  these  at  least  two  have  made  per- 
manent recoveries.  These  two  were  published  in  the  Medical  News  in  1899. 
One  of  them  was  a  physician  who  had  all  the  characteristic  symptoms  in  an 
extremely  marked  degree.  His  recovery  was  complete  within  a  few  months. 
He  has  been  in  active  practice  ever  since.  I  had  a  telegram  from  him  on 
Saturday  last,  saying  that  his  health  continued  excellent.  The  other  was 
a  parturient  case,  and  an  undoubted  one.     She  continues  well. 

During  the  last  two  years  I  have  been  trying  the  subcutaneous  injection 
of  serum.  In  the  first  case,  an  old  man  who  was  in  a  state  of  muttering  de- 
lirium, I  gave  a  pint  of  normal  saline  every  second  day,  and  on  the  alternate 
days  he  had  the  same  quantity  by  the  rectum.  He  improved  rapidly,  and 
on  recovering  his  rational  state  he  refused  to  continue  the  subcutaneous  injec- 
tions on  account  of  the  pain  produced,  and  the  enemata  caused  diarrhoea. 
He  left  the  hospital  with  over  3,000,000  red  corpuscles  per  cubic  millimetre 
and  feeling  well.  He  soon  relapsed,  and  died  four  months  later.  At  the 
same  time  I  saw  an  old  physician  with  his  son-in-law,  also  a  physician,  who 
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thought  the  old  gentleman  so  low  that  further  treatment  was  useless.  As 
normal  saline  causes  so  much  pain  on  account  of  its  bulk,  I  advised  him  to 
give  blood  serum,  and,  as  antidiphtheritic  serum  was  the  only  one  available, 
we  gave  it  in  the  hope  that  it  might  counteract  the  toxaemia  by  stimulation  of 
the  lymphoid  tissues.  About  three  cubic  centimetres  were  given  every  second 
day  for  two  weeks.  By  that  time  he  was  greatly  improved.  The  improve- 
ment continued,  and  in  four  months  he  had  regained  his  wonted  health,  and 
his  blood  presented  a  normal  appearance.  A  year  later  he  became  suddenly 
ill  with  diarrhoea,  and  died  within  two  weeks  without  showing  signs  of  per- 
nicious anaemia.  This  case  might  be  justly  claimed  as  having  made  a  com- 
plete recovery. 

At  present  I  have  five  cases  under  observation.  In  three  of  these  I  have 
tried  normal  animal  serum,  kindly  placed  at  my  disposal  by  Messrs.  Parke, 
Davis  &  Co.  Its  use  has  not  perceptibly  affected  the  blood  condition  in  any 
of  them  ;  in  two  it  produced  severe  urticaria.  In  four  of  them  improvement 
has  followed  the  injection  of  the  antidiphtheritic  serum,  but  they  are  not  yet 
recovered  ;  however,  the  serum  has  not  been  used  long  enough  to  fairly  test 
its  efficacy.     If  it  fails  I  purpose  trying  antistreptococcus  serum. 

In  only  one  of  these  five  cases  are  the  teeth  and  gums  not  in  a  healthy 
condition,  although,  as  is  usually  the  case,  they  all  suffer  from  stomatitis  when 
the  temperature  rises  or  there  is  nausea  and  diarrhoea. 

Dr.  Mitchell  :  I  want  to  say  that  all  the  blood-counts  reported  here 
to-day  are  simply  relative  and  not  absolute.  If  any  one  of  these  cases  had 
been  subjected  to  massage  the  blood-count  would  have  run  up  considerably. 
In  my  own  case,  and  I  am  reasonably  healthy,  after  one  hour's  massage  the 
blood-count  had  risen  considerably.  This  is  physiological.  If  in  the  frog 
or  the  peritoneum  of  the  mouse  you  regard  the  circulation  under  the  micro- 
scope you  see  at  the  diverging  loops  of  minute  vessels  collections  of  blood- 
cells  which  are  very  quiet,  while  past  them  runs  the  rapid  current  of  the 
circulating  blood.  Every  now  and  then  something  breaks  up  one  of  these 
groups  and  the  field  is  clear  for  a  while.  Now,  it  seems  probable  that  some- 
thing like  this  is  going  on  in  many  situations  in  the  human  body,  and  that  it 
is  more  marked  in  anaemias  than  in  health,  since  increase  in  the  blood-count 
after  massage  is  a  great  deal  larger  in  proportion  in  anaemias  than  in  health. 
It  is  to  be  presumed,  therefore,  that  a  large  number  of  the  cells  are  out  of 
function,  and  that  when  we  do  something  to  disturb  them  by  massage  or  a 
hot  bath  we  get  a  great  increase  in  the  blood-count. 

Dr.  Stockton:  I  wish  to  mention  but  one  point,  and  that  is  the  condition 
of  the  gastro-intestinal  tract  in  these  cases.  In  the  study  of  twelve  cases  col- 
lected last  fall  in  which  I  had  examined  the  stomach  contents  in  some  dur- 
ing a  number  of  months  I  came  to  the  conclusion  that  there  is  a  difference 
in  the  gastric  secretion  in  pernicious  anaemia  from  that  which  occurs  in 
severe  secondary  anaemias.  In  the  majority  of  these  cases  of  pernicious 
anaemia  there  is  distinct  failure  of  the  gastric  juice,  including  the  disappear- 
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ance  of  hydrochloric  acid.  In  certain  cases  there  is  a  moderate  return  of 
the  hydrochloric  acid  during  intervals  of  general  improvement.  In  cases  of 
corresponding  severity  in  secondary  ansemia  we  do  not  find  these  changes  so 
marked.  I  have  not  seen  a  case  of  pernicious  ansemia  that  has  not  sooner 
or  later  showed  failure  of  the  gastric  juice,,  and  the  condition  may  reach 
achylia  gastrica. 

Dr.  Da  Costa  :  A  few  thoughts  have  occurred  to  me  in  regard  to  the 
subject  under  discussion.  In  the  first  place,  as  to  the  length  of  the  remis- 
sion. It  is  sometimes  great.  I  can  recall  a  case  of  a  gentleman  who  lived 
a  club  life — not  a  dissipated  life,  but  an  indolent  one — who  had  a  remission  of 
eleven  months,  and  in  that  time  had  absolutely  no  treatment.  Then  came  a 
relapse  in  which  he  died. 

In  another  instance  a  sailor  was  in  my  ward  at  the  Pennsylvania  Hospital 
for  four  or  five  months,  then  went  back  to  sea,  having  apparently  recovered ; 
he  took  no  medicine  while  at  sea,  and  remained  well,  but  he  came  back  to  the 
hospital  in  about  seven  months,  the  symptoms  having  returned,  and  he  died 
in  the  hospital.     These  two  cases  bear  upon  the  length  of  the  remission. 

A  point,  concerning  which  I  have  had  a  different  experience  from  what  I 
understood  Dr.  Cabot  to  state,  is  with  reference  to  the  fever.  It  is,  I  believe, 
very  common,  often  continuous,  and  at  times  even  high.  I  have  been  called 
more  than  once  to  see  cases  of  supposed  typhoid  fever,  and  found  them  to  be 
pernicious  anaemia.  Again,  as  bearing  on  this  question  of  fever,  it  has  often 
occurred  to  me  whether  the  fever  could  be  made  a  diagnostic  point  between 
this  and  other  blood  diseases,  and  for  a  time  I  thought  it  could ;  but  now  I 
know  that  in  leukaemias  we  have  /ever  at  times,  and  often  in  secondary 
anaemias,  and  so  I  believe  we  must  abandon  the  presence  of  fever  as  a  diag- 
nostic sign.  However,  I  still  think  the  fever  is  a  more  marked  symptom  in 
pernicious  anaemia  than  in  other  blood  afiections. 

Dr.  Herrick  :  Reference  has  been  made  to  the  fact  that  patients  with 
perhaps  only  2,000,000  red  corpuscles  are  symptomatically  quite  well,  and  it 
has  seemed  to  me  that  the  improvement  in  the  symptoms  depends  largely 
upon  the  relative  increase  in  the  corpuscles  and  haemoglobin.  The  same 
thing  is  seen  in  chlorosis.  We  may  have  a  patient  with  perhaps  30  per  cent, 
of  haemoglobin  and  push  that  up  to  60  per  cent.,  and  the  patient  regards  her- 
self as  well.  She  has  relatively  100  per  cent,  more  haemoglobin  than  before. 
It  seems  to  me  that  the  same  is  true  of  pernicious  anaemia.  A  patient  with 
1,000,000  red  corpuscles  gains  1,000,000  and  is  much  better  symptomatically, 
and  regards  himself  as  recovered.  Yet  we  know  from  the  blood-count  that  he  is 
far  from  being  in  a  normal  condition.  The  point  I  wish  to  emphasize  is  that 
it  is  not  so  much  the  absolute  increase  in  haemoglobin  and  corpuscles  as  it  is 
the  relative  increase  that  determines  the  symptomatic  or  subjective  improve- 
ment. 

Dr.  Cabot  :  First,  in  regard  to  Dr.  Mitchell's  point.  I  was  interested  in 
the  investigations  of  Dr.  John  K.  Mitchell  at  the  time  they  were  made,  and  I 
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had  systematic  massage  carried  out  in  four  of  my  cases,  but,  contrary  to  what 
Dr.  Mitchell  has  supposed,  we  found  less  increase  from  massage  in  pernicious 
anaemia  than  in  the  ordinary  cases.  The  change,  however,  is  noted  both  in 
health  and  in  anaemias. 

The  operation  of  transfusion  seems  to  me  unjustifiable,  for  it  is  very  likely 
to  produce  nephritis. 

In  regard  to  Fowler's  solution,  I  can  only  say  that  in  some  fifty  cases  in 
which  it  was  tried  it  seemed  to  me  entirely  useless.  In  view  of  the  large 
number  of  cases  in  which  there  is  spontaneous  improvement,  it  is  very  diffi- 
cult to  draw  any  conclusions  concerning  the  treatment. 

As  regards  the  fever,  Dr.  Da  Costa  probably  misunderstood  me.  I  quite 
agree  with  him  concerning  that  point.  There  has  been  fever  in  the  majority 
of  my  cases,  and  it  occurs  more  often  in  this  form  of  anaemia  than  in  others. 
In  three  of  my  cases  typhoid  fever  had  been  diagnosed. 

In  regard  to  the  point  referred  to  by  Dr.  Hare  as  to  blood-examinations  in 
health,  I  can  say  that  for  eight  years  now  it  has  been  the  custom  in  the 
Massachusetts  Hospital  to  examine  the  blood  of  every  patient  on  the  medi- 
cal side,  and  in  this  way  we  have  had  material  from  many  thousands  of  cases 
which,  while  not  in  full  health,  suffered  from  diseases  not  directly  connected 
with  the  blood.  In  the  vast  majority  of  them  the  blood  varied  so  little  from 
accepted  standards  that  I  see  no  reason  to  believe  that  there  are  conditions 
in  health  where  the  blood  varies  any  more  widely  from  the  figures  generally 
accepted  as  normal. 

Dr.  Henry  :  In  regard  to  my  statement  as  to  the  number  of  red  blood- 
corpuscles  in  gastric  cancer,  I  would  say  that  I  simply  quote  from  my  own 
experience.  I  have  never  seen  a  case  of  pernicious  anaemia  proceed  to  a  fatal 
issue  without  the  red  corpuscles  being  reduced  below  1,000,000,  nor  a  case  of 
gastric  cancer  in  which  they  fell  below  1,500,000.  One  of  the  gentlemen  has 
spoken  of  atrophy  of  the  stomach  as  though  it  were  supposed  to  be  commonly 
the  cause  of  pernicious  anaemia.  That  is  not  the  case;  it  may  be  one  of  its 
causes. 

I  would  like  to  ask  Dr.  Cabot  if  my  case  is  not  a  case  of  pernicious 
anaemia  how  he  would  classify  it.  It  is  not  secondary  to  the  known  causes 
of  anaemia,  such  as  Bright's  disease,  cancer,  etc.;  it  is  not  chlorosis:  it  is  not 
leukaemia.     What  is  it? 

Dr.  Cabot  :  I  should  regard  it  as  a  case  of  secondary  anaemia  of  unknown 
cause. 
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It  has  seemed  advisable  to  report  in  detail  the  following  case  of 
echinococcus  cysts  of  the  pleura;  both  because  of  the  rarity  of  hydatid 
disease  in  America,  and  especially  because  of  the  atypical  degeneration 
of  the  cyst-walls  found  in  the  case  obscuring  their  true  nature  and 
causing  difficulty  in  the  diagnosis  : 

Case.  Summary :  Physical  signs  of  chronic  pleurisy,  with  adhesions  and  effu- 
sion at  right  base;  aspiration  of  albuminous  fluid  loaded  with  cholesterin  crystals  ; 
clinical  diagnosis  of  chronic  encysted  pleural  effusion.  Operation:  Lung  free,  no 
adhesions,  no  effusion;  removal  from  pleural  cavity  of  a  small  mass  of  collapsed 
cysts,  resembling  closely  echinococcus  cysts.  Microscopical  examination:  Outer  cyst- 
wall  thin,  hyaline,  without  lamellation,  and  infiltrated  with  cholesterin  crystals;  lin- 
ing membrane  degenerated  and  fatty,  and  containing  much  cholesterin,  but  no  scolices 
or  calcareous  corpuscles;  final  discovery,  after  continued  search,  of  two  echinococcus 
hooklets.  Anatomical  diagnosis:  Degenerated,  exogenous,  primary  echinococcus 
cysts  of  pleura. — J.  0.,  aged  thirty-one  years,  mulatto  (mother  black,  father 
white),  single,  a  kitchen  servant  in  restaurants,  applied  for  treatment  at  the 
dispensary  of  the  University  of  Buffalo,  January  26,  1900,  complaining  of 
shortness  of  breath  on  exertion,  dull  pain  in  the  lower  right  chest,  and 
inflammation  of  the  bladder.  The  diagnosis  of  chronic  pleurisy  with  adhe- 
sions and  effusion  was  made,  and  the  patient  was  admitted  to  the  Buffalo 
General  Hospital,  February  2,  1900. 

Personal  History.  The  patient  was  born  in  Virginia  and  lived  in  that  State 
until  the  age  of  twenty-one,  and  had  never  been  outside  the  United  States.    He 
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had  malaria  at  Newport  News,  at  the  age  of  twenty-one,  and  typhoid  fever 
at  Charlottesville,  at  twenty-three.  About  two  years  ago  he  had  pneumonia, 
and  was  in  the  hospital  at  Charlottesville  from  January  to  April,  1898.  In 
convalescence  he  developed  pleurisy  on  the  right  side  and  was  tapped  of 
"about  three  quarts"  of  a  clear  yellow  fluid  ;  recovery,  except  for  a  "  tender 
feeling"  in  the  lower  right  chest  occasionally  on  catching  cold.  In  the 
autumn  of  1898,  at  Washington,  D.  C,  he  developed  pleurisy  on  the  right 
side,  and  "  about  three  quarts  of  a  yellowish  fluid  containing  some  white 
matter  was  aspirated  from  the  chest."  After  this  he  remained  well  until  the 
autumn  of  1899,  when  a  dull,  aching  pain  developed  in  the  lower  right  chest, 
with  dyspnoea  on  exertion,  requiring  him  to  stop  work  at  about  Christmas. 
About  this  time  also  he  first  noticed  that  his  urine  contained  considerable 
white  sediment  and  that  his  micturition  was  frequent  and  was  accompanied 
with  pain  at  the  end  of  the  act,  which  was  referred  to  the  glans  penis.  He 
denied  any  history  of  gonorrhoea,  but  admitted  having  had  a  sore  at  the  age 
of  twenty-five  on  the  penis,  which  was  followed  by  a  blotchy  eruption  over 
the  body  and  general  bone-aching.  He  took  treatment  and  recovered.  Since 
his  present  illness  began,  about  last  Christmas,  he  has  lost  considerable  weight 
and  strength  and  has  been  unable  to  work.  He  has  never  had  jaundice  to 
his  knowledge.  In  regard  to  his  association  with  dogs,  he  said  that  he  always 
lived  with  them  until  he  left  home  at  the  age  of  twenty-one,  since  then  he 
has  not  had  much  to  do  with  them. 

Condition  on  Admission.  The  patient  was  a  small,  thin,  anaemic,  sickly- 
looking  mulatto,  weighing  115  pounds.  A  blotchy  pigmentation  was  ob- 
served over  both  cheeks.  Lips  and  mucous  membranes  were  pale,  conjunctivae 
clear ;  finger-tips  and  nails  showed  no  clubbing  or  incurvation.  Temperature, 
98.5°  F. ;  pulse,  78 ;  respiration,  24. 

Thorax.  On  inspection,  nothing  distinctive  noted ;  no  bulging ;  respirations 
shallow  and  increased  in  frequency.  On  palpation,  over  the  lower  right  chest 
in  the  axillary  line  at  the  end  of  deep  inspiration  was  felt  a  very  rough,  pro- 
longed, vibrating  friction  of  maximum  intensity.  Vocal  fremitus  was  dimin- 
ished over  the  right  base  up  to  the  level  of  the  fifth  space ;  above  this  normal. 
On  percussion^  there  was  marked  dulness  over  the  right  base,  rising  to  the 
level  of  the  fifth  space  in  the  axillary  line  and  sagging  somewhat  below  this 
level  in  front  and  dropping  abruptly  behind  close  to  the  spinal  column. 
The  percussion  note  was  not  quite  flat  over  the  base,  though  nearly  so  in  the 
midaxillary  line.  The  upper  limit  of  dulness  moved  very  slightly  on  change 
of  position.  On  auscultation  over  the  area  of  dulness  the  breath-sounds 
were  not  audible,  but  the  spoken  voice  could  be  heard  faintly.  At  the  end 
of  inspiration  a  rough,  harsh,  loud  friction  sound  was  heard  in  the  axillary 
line  as  high  as  the  fifth  space.  No  niles  were  heard.  The  thorax  otherwise 
showed  nothing  abnormal. 

Heart.  Point  of  maximum  impulse  in  the  mammillary  line  in  the  fifth 
space ;  sounds  clear. 

Liver.   Edge  could  be  felt  just  at  the  costal  margin. 
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Spleen.   Not  palpable. 

Abdomen.  Negative ;  no  tenderness  on  pressure  over  flanks  or  hypogaatrium. 

Genitalia.  Endoscopic  examination  (kindly  made  by  Dr.  E.  J.  Meyer) 
showed  a  stricture  of  the  membranous  urethra  and  superficial  ulceration  of 
the  prostatic  urethra ;  no  growths  or  cysts  in  the  bladder. 

Urine.  Specific  gravity,  1017,  slightly  alkaline,  considerable  albumin,  no 
sugar,  considerable  pus,  and  an  occasional  hyaline  cast. 

Sputum.  [No  material  from  the  deeper  air-passages  could  at  any  time  be 
obtained.] 

The  diagnosis  of  chronic  pleurisy  with  adhesions  and  effusion  was  made, 
and  on  February  10th  exploratory  puncture  with  a  hypodermatic  needle  was 
made.  The  needle  was  inserted  four  times  without  result  in  different  places  over 
the  area  of  dulness,  but  on  the  fifth  puncture,  in  the  sixth  space  in  the  anterior 
axillary  line,  the  syringe  filled  with  fluid,  which  was  of  a  straw-yellow  color,  and 
opalescent  on  agitation.  It  was  found  to  contain  a  large  number  of  cholesterin 
crystals,  a  considerable  amount  of  albumin,  and  a  trace  of  sugar.  Tubercle 
bacilli  were  not  found. 

The  large  amount  of  cholesterin  crystals  in  the  fluid  excited  suspicion  of 
old  cystic  formation,  but  as  no  evidence  of  echinococcus  was  found  the  case 
was  assumed  to  be  one  of  simple  chronic,  encysted,  pleural  effusion.  After  a 
few  days,  as  no  improvement  had  taken  place,  it  was  decided  to  withdraw 
the  fluid  by  aspiration.  On  this  occasion  the  needle  was  inserted  also  five  times 
before  fluid  was  obtained,  when  about -one-half  litre  of  fluid  of  the  same  char- 
acter as  above  described  was  withdrawn. 

A  week  later  dulness  was  still  found  over  the  right  base,  though  less 
marked  than  before.  Dr.  Roswell  Park  saw  the  case  at  this  time  and  suggested 
the  possibility  of  hydatid  cyst.  The  patient  remained  unimproved,  and  it  was 
decided  to  open  the  supposed  encysted  cavity  and  produce  its  obliteration. 

Operation.  Operation  was  performed  by  Dr.  Roswell  Park,  on  February 
24th.  Before  incising  the  chest-wall  a  small  syringeful  of  fluid  was  aspirated 
from  the  right  base  on  the  first  puncture.  This  fluid  was  in  every  way  simi- 
lar to  the  fluid  previously  aspirated.  The  chest-wall  was  then  opened  and 
several  ribs  were  resected.  The  costal  pleura  was  found  considerably  thick- 
ened. After  entering  the  pleural  cavity,  to  our  surprise,  the  lung  was  seen 
to  be  free  from  adhesions,  and  no  encysted  cavity  or  fluid  was  found.  The 
lung  showed  on  its  surface  several  small,  round,  opaque,  nodular  spots  that 
suggested  calcified  tubercles.  No  fluid  could  be  found,  and  only  about  two 
ounces  of  bloody  fluid  could  be  drained  from  the  chest  by  turning  the  patient 
on  the  right  side.  In  exploring  the  pleural  cavity  with  the  hand  a  soft  mass 
was  withdrawn  without  appreciable  resistance,  which  was  about  the  size  of  a 
lemon  and  consisted  of  a  mass  of  collapsed  cysts  closely  united  together.  No 
fistula  through  the  diaphragm  could  be  felt.  The  operation  was  terminated 
by  placing  drainage  in  the  chest  cavity. 

Subsequent  History.  The  patient  rallied  well  from  the  primary  operation, 
but  his  pulse,  temperature,  and  respirations  tended  to  increase  with  consider- 
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able  irregularity.  About  one  week  later  his  condition  grew  worse,  and  a  sec- 
ondary operation  was  done,  enlarging  the  opening  in  the  chest  and  cleansing 
the  cavity,  which  had  contracted  down  to  rather  small  size.  Free  drainage 
and  irrigation  of  the  cavity  were  maintained  throughout  the  course  of  the 
case.  The  general  condition  of  the  patient  tended  gradually  downward,  with 
high  and  irregular  rate  of  pulse,  temperature,  and  respiration.  During  the 
last  week  of  illness  the  temperature  ranged  irregularly  between  99°  and 
104°  F.,  the  pulse  ran  from  120  to  140,  and  the  respirations  were  from  40  to 
52  per  minute.  The  physical  signs  of  pneumonia  were  not  found.  The 
patient  died  on  May  4,  1900,  without  the  development  of  special  symptoms. 
Autopsy  could  not  be  obtained. 

Pathological  Notes  on  the  Fluid  and  Cysts.  (1)  Fluid.  This  was  faintly  alka- 
line in  reaction,  of  a  straw-yellow  color,  and  was  clear  except  for  a  distinct 
opalescence  when  it  was  agitated,  giving  the  impression  that  it  contained  a 
suspension  of  gold  dust.  Chemically,  it  contained  a  fair  amount  of  albumin 
(coagulation  by  heat,  potassium  ferrocyanide,  biuret  tests,  etc.)  and  a  faint 
trace  of  grape-sugar  (Fehling's  test).  Sodium  chloride  was  not  present  in 
excess.  Tests  for  succinic  acid  and  bile  pigments  were  negative.  Micro- 
scopically, the  fluid  showed  {a)  cholesterin  crystals  in  very  large  number,  {b) 
occasional  red  blood-corpuscles  (from  the  puncture,  undoubtedly),  (c)  a  few 
degenerated  fatty  cells,  without  nuclei,  and  {d)  a  few  round,  colorless  bodies 
(4-18//),  resembling  crystals  that  did  not  dissolve  or  effervesce  on  the  addi- 
tion of  HCl.  No  echinococcus  scolices,  booklets,  calcareous  corpuscles,  or 
laminated  cyst-membrane  could  be  found  in  a  search  continued  many  days. 
The  three  specimens  of  fluid  aspirated  at  different  times  were  all  similar  in 
every  respect.    The  specific  gravity  of  the  second  specimen  was  1026. 

(2)  Cysts.  The  mass  removed  from  the  pleural  cavity  at  operation  con- 
sisted of  a  small  mass  of  collapsed  cysts,  closely  adherent  to  one  another,  and 
varying  in  size  from  that  of  a  millet-seed  to  that  of  a  small  lemon.  The  dif- 
ferent cysts  were,  in  general,  easily  separated  by  gentle  traction,  though 
some  were  so  closely  united  that  they  could  not  be  separated  without  ruptur- 
ing their  walls.  Many  of  the  cysts  were  found  to  spring  from  the  walls 
of  adjoining  cysts,  having  a  wall  in  common  at  their  line  of  union.  In  the 
largest  cyst,  extending  inward  from  its  outer  wall,  were  seen  two  or  three 
small  cysts,  giving  the  appearance  of  daughter-cysts,  but  no  free  daughter- 
cysts  were  found.  The  number  of  individual  cysts  was  not  counted,  but  ap- 
peared to  be  approximately  forty.  Externally  the  cyst-walls  looked  very 
thin  and  delicate,  white,  translucent,  and  glistened  with  the  impregnation  of 
crystals.  When  cut,  the  cyst-wall  showed  no  tendency  to  curl.  The  interior 
of  the  cysts  showed  a  relatively  thick,  soft,  white,  granular  layer,  which  could 
be  removed  by  the  slightest  touch.  The  cysts  were  all  collapsed  and  without 
fluid  content.  When  placed  in  water  the  cysts  absorbed  it  and  swelled  to  a 
globular  form. 

The  microscopic  examination  of  the  fresh  cysts  showed  as  follows  :  (a)  The 
external  wall,  when  teased,  showed  no  true  lamination,  though  slight  sugges- 
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tions  of  it  were  seen  in  occasional  bands  of  fibrils.  No  cell  structure  could 
be  made  out.  The  tissue  looked  hyaline  and  structureless.  Abundant  cho- 
lesterin  crystals  were  seen  throughout.  Treatment  with  dilute  acetic  acid 
and  potassium  hydrate  solution  did  not  modify  essentially  the  appearance. 
Frozen  sections,  stained  with  haematoxylin  and  eosin,  showed  the  same  hya- 
line appearance,  with  many  bands  or  striations  branching  off  toward  the 
interior  of  the  cyst.  On  the  surface  an  occasional  degenerated  cell  nucleus 
was  seen,  but  no  true  organized  cellular  membrane,  (b)  The  soft  material 
lining  the  cysts  was  found  to  consist  chiefly  of  fatty  detritus  and  cholesterin 
crystals.  There  were  many  degenerated  fatty  cells,  without  nuclei,  which 
stained  well  with  Sudan  III.  An  occasional  small,  round,  colorless,  crystal- 
line body  was  also  seen,  which  did  not  dissolve  or  effervesce  in  dilute  HCl. 
An  exhaustive  search,  lasting  for  many  days,  for  echinococcus  scolices,  hook- 
lets,  or  calcareous  corpuscles  was  without  reward  for  our  labor,  but  Dr. 
Stiles,  to  whom  specimens  were  submitted  (see  below),  was  more  fortunate 
in  his  examination,  and  succeeded  in  finding  in  the  cyst  contents  two  echino- 
coccus hooMets. 

Sections  of  the  cysts  hardened  in  alcohol  and  formalin  offered  no  evidence 
not  obtained  from  the  frozen  sections.  The  histological  examination  of  the 
walls  of  the  small  daughter- cysts  protruding  toward  the  interior  of  the  largest 
cyst  showed  exactly  the  same  structure  as  found  in  the  larger  external  cysts, 
except  that  the  few  cells  and  nuclear  fragments  found  at  the  periphery  of 
the  outer  walls  of  the  external  cysts  were  not  found  over  the  walls  of  the 
daughter-cysts. 

Believing,  as  we  did,  after  a  careful  study  of  the  case,  that  we  were 
dealing  with  an  atypical  and  rare  form  of  degenerated  echinococcus 
cysts,  and  before  we  had  obtained  conclusive  support  of  our  diagnosis, 
we  submitted  specimens  of  the  fresh  cysts  and  also  stained  sections  of 
them  to  Prof.  William  H.  Welch,  of  Baltimore,  and  to  Dr.  Charles 
Wardell  Stiles,  Zoologist  of  the  Bureau  of  Animal  Industry,  United 
States  Department  of  Agriculture,  Washington,  D.  C.  for  their  ex- 
pert opinion.  Extracts  from  their  reports  are  here  given,  with  their 
kind  permission,  as  follows : 

Reports  of  Prof.  William  H.  Welch. 

"  I  have  examined  the  sections  of  the  cysts.  I  am  of  the  opinion  that  the 
cysts  are  degenerated  echinococcus  cysts.  The  gross  appearances  of  the 
specimens  which  you  showed  me  were  like  those  of  echinococcus  cysts.  The 
microscopical  characters  of  the  fresh  teased  material  and  of  sections  of  the 
hardened  specimens  seem  to  be  best  explained  upon  the  assumption  that  the 
cysts  are  much  degenerated  hydatids.  Cholesterin  crystals  and  fatty  detritus, 
such  as  were  present  in  these  cysts,  are  common  in  degenerated  hydatids. 
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No  organized  tissue  is  present  in  the  walls  of  the  cysts.  These  walls,  as  shown 
in  the  sections,  present  an  outer,  thin,  hyaline  membrane,  with  irregular 
inner  surface  continuous  with  fragments  and  shreds  of  a  structureless  mate- 
rial which  occupies  a  considerable  part  of  the  interior  of  the  cysts  on  the 
sections.  There  are  scarcely  any  intact  cells  in  the  sections  ;  here  and  there 
a  few  are  attached  to  the  outer  wall  and  a  few  nuclear  fragments  are  seen  in 
the  interior,  but  there  is  nothing  indicative  of  suppuration,  or  of  previously 
organized  tissue,  nor  is  there  any  suggestion  of  fibrin  or  inflammatory  exu- 
date in  the  sections. 

"As  no  booklets  can  be  detected,  I  have  looked  carefully  for  the  character- 
istic lamellation  of  the  cuticular  layer  of  echinococcus  cysts.  I  think  that  there 
are  suggestions  of  such  lamellation  in  the  parallel  striae  occasionally  seen  in 
some  of  the  more  coherent  and  hyaline  membranous  fragments  attached  to 
the  wall  and  in  the  interior  of  the  cysts,  but  they  are  not  so  distinct  as  to  be 
convincing. 

"  It  is  well  known  that  echinococcus  cysts  may  perish  and  undergo  com- 
plete disintegration.  Davaine,  Leuckart,  Neisser  and  others  have  described 
such  degenerative  changes  in  the  dead  cysts.  In  some  of  these  cases  nothing 
but  the  booklets  remain  to  establish  the  diagnosis.  Sterile  echinococcus 
cysts  occur,  and  should  these  undergo  similar  degeneration,  it  is  evident  that 
not  even  booklets  would  be  present  to  aid  in  the  diagnosis. 

"  In  your  case  the  degeneration  has  not  reached  a  stage  in  which  the  gross 
appearances  of  echinococcus  cysts  have  been  obliterated,  but  the  character- 
istic physical  and  microscopical  features  do  not  seem  to  me  reconcilable  with 
any  other  sort  of  cysts  than  much  degenerated  echinococcus  cysts.  As  already 
mentioned,  the  large  amount  of  fatty  detritus  and  of  cholesterin  crystals 
within  the  cysts  is  in  favor  of  the  diagnosis  of  degenerated  hydatids. 

"  Echinococcus  cysts,  of  course,  receive  their  nourishment  from  the  tissues 
in  which  they  are  embedded,  and  impairment  of  this  nutrition  tends  to  the 
production  of  sterility  and  degeneration  of  the  cysts.  In  your  case  the  par- 
tial and  small  attachment  of  the  cysts  to  the  pleural  membrane  must  have 
favored  these  results  of  imperfect  nutrition,  and  in  this  way  I  should  explain, 
at  least  in  part,  the  sterility  of  the  cysts,  and  their  degenerated  condition." 
(April  1,  1900.)     • 

"In  my  previous  letter  I  did  not  speak  particularly  of  the  outward  curling 
of  incised  echinococcus  cysts.  This  physical  property  is  well  known,  and  is 
demonstrable  readily  in  fresh,  undegenerated  cysts.  As  it  depends  upon  the 
integrity  of  the  parasite,  it,  of  course,  is  likely  to  disappear  after  the  parasite 
dies  and  undergoes  degeneration,  as  certainly  occurred  in  your  case,  assuming 
it  to  be  a  bladder-worm.  It  would  not  be  contended,  of  course,  that  the  ab- 
sence of  this  property  would  exclude  the  diagnosis  of  a  degenerated  echino- 
coccus cyst. 

"As  I  wrote  you,  I  attach  more  importance  in  explaining  the  sterility  of 
the  cysts,  and  the  evidence  of  death  and  degeneration  of  the  parasite,  to  the 
comparatively  limited  attachment  of  the  cysts  to  surrounding  living  struc- 
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tures,  and  their  consequent  feeble  nutrition.  Most  of  the  instances  of  pleural 
echinococci  have  been  of  single  or  few  large  cysts,  firmly  attached  in  their 
circumference.  The  topographical  relations  of  the  cysts  in  your  case  were 
rather  peculiar  and  unusual."     (April  5,  1900.) 

Report  of  Dr.  Charles  Wardell  Stiles. 

"  Referring  again  to  your  letters  of  April  5th  and  15th,  I  have  this  morning 
made  a  microscopic  examination  of  the  material  you  sent  me,  and  all  doubts 
have  now  been  removed  from  my  mind  regarding  the  case,  for  in  one  prepa- 
ration I  succeeded  in  finding  an  echinococcus  hook.  In  endeavoring  to  isolate 
it  and  mount  it  for  you  I  unfortunately  lost  it  and  could  not  again  find  it. 

"As  for  the  interpretation  of  the  cysts  which  you  showed  me,  you  will 
recall  that  at  the  time  I  examined  them  they  did  not  make  the  impression 
upon  me  of  being  hydatid  cysts,  nor  did  your  microscopic  preparations  con- 
vince me  that  they  were  such.  They  certainly  did  not  look  like  any  echino- 
coccus cysts  which  I  have  ever  seen  before,  nor  did  they  behave  as  such. 
This,  however,  was  purely  a  negative  opinion,  and  the  evidence  both  for  and 
against  the  interpretation  appeared  to  me  to  be  so  uncertain  that  I  was 
inclined  to  take  entirely  a  neutral  position  in  this  regard.  I  have  examined 
hundreds  of  specimens  of  this  parasite  from  various  animals,  and  I  believe 
this  is  the  first  time  that  I  have  ever  felt  in  doubt  regarding  the  cyst  itself. 
Finding  the  hook,  however,  removes  all  doubt  in  my  mind  relative  to  the 
existence  at  one  time  of  a  hydatid  cyst  in  the  structure."     (April  18,  1900.) 

It  is  seen  from  the  very  critical  and  full  reports  of  Prof.  Welch  and 
Dr.  Stiles,  as  well  as  from  the  report  of  our  own  study  of  the  tissues, 
above  given,  that  this  case  was  one  of  unusual  pathological  interest 
and  rarity,  and  for  this  reason  we  have  considered  it  worthy  of  a 
rather  full  and  detailed  narration  of  its  study,  step  by  step,  through 
all  the  difficulties  attached  to  its  correct  interpretation  to  its  final  and 
definite  diagnosis.  That  the  case  was  one  of  degeneration  of  hydatid 
cysts,  we  entertained  hardly  a  doubt,  after  considering  all  the  avail- 
able evidence,  but  the  proof  of  this,  convincing  to  others,  was  not 
fully  in  hand  until  Dr.  Stiles'  fortunate  discovery^  of  a  single  echino- 
coccus booklet. 

As  to  the  interpretation  of  the  nature  and  origin  of  the  outer  cyst- 
wall — i.  e.y  whether  this  thin,  hyaline,  structureless  membrane  was 
derived  by  a  process  of  degeneration  from  the  cuticular  wall  of  the 
parasite  itself  or  from  the  once  cellular,  fibrous  capsule  furnished  by 
the  surrounding  tissues  of  the  host,  all  doubt  seems  to  be  definitely 

1  Dr.  stiles  writes  that  he  has  since  succeeded  in  finding  a  second  booklet. 
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removed  by  the  study  of  the  walls  of  the  small  cysts  (daughter-cysts) 
found  protruding  into  the  cavity  of  the  largest  external  cyst.  Sec- 
tions made  through  that  portion  of  the  daughter-cysts  which  was 
directed  toward  the  interior  of  the  large  cyst  showed  its  wall  to  be 
constituted  of  exactly  the  same  hyaline,  structureless  membrane  which 
formed  the  substance  of  the  outer  wall  of  the  larger  and  separate  ex- 
ternal cysts.  The  lining  membrane  also  of  the  internal  daughter- 
cysts  was  identical  in  its  histological  structure  with  that  of  the  external 
cysts.  The  only  point  of  difference  found  in  the  finer  anatomy  be- 
tween the  daughter-cysts  and  the  external  cysts  was  the  fact  that  the 
former  failed  to  show  the  occasional  degenerated  cells  and  nuclear 
fragments  found  at  the  periphery  of  the  latter.  These  facts  make  it 
clear,  we  think,  that  the  hyaline,  structureless  membrane  of  the  outer 
cyst-walls  was  derived  by  a  process  of  degeneration  from  the  cuticle 
of  the  parasite  itself  and  not  from  the  tissues  of  the  host. 

As  Prof.  Welch  has  clearly  stated  what  little  is  known  of  the 
general  causes  leading  to  the  death  and  degeneration  of  the  bladder- 
worm,  we  need  not  dwell  upon  this  feature  of  the  case  further  than  to 
state,  more  explicitly  than  we  have  previously  done,  the  fact  that  the 
mass  of  cysts  removed  at  operation  seemed  to  be  attached  to  the  costal 
pleura  in  the  most  delicate  manner,  by  which  its  removal  was  effected 
without  appreciable  resistance  and  almost  by  chance.  This  loose  or 
partial  attachment  of  the  cysts  and  the  churning  motion  to  which  they 
Wjere  subjected  by  the  respiratory  movements  of  the  lung  doubtless 
determined  largely  their  degeneration. 

In  reviewing  the  various  cases  of  echinococcus  of  the  pleura 
reported  in  the  literature,  we  have  found  no  mention  of  a  type  of 
degeneration  of  the  cyst-walls  similar  to  that  found  in  our  case,  nor 
have  we  been  able  to  fihd  any  reference  to  such  a  process  of  degener- 
ation in  the  walls  of  echinococcus  cysts  from  other  parts  of  the  body. 
It  is  a  fact,  however,  that  the  reports  of  cases  only  occasionally  de- 
scribe the  histological  structure  of  the  cyst-walls,  so  that  it  is  possible 
that  the  loss  of  the  characteristic  lamellation  of  the  outer  wall  and  its 
degeneration  into  a  thin,  structureless,  hyaline  membrane,  without 
gross  degeneration,  may  not  be  wholly  unknown.  Such  a  process, 
however,  must  be  exceedingly  uncommon,  else  it  would  have  been 
described  in  the  standard  works  on  helminthclogy.  Dr.  Stiles,  whose 
reputation  entitles  him  to  recognition  as  the  leading  helminthologist 
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in  America,  states  that  he  has  never  before,  among  hundreds  of  cases 
examined,  encountered  a  case  in  which  he  was  in  doubt  regarding  the 
cyst  itself. 

We,  therefore,  assume  that  in  reporting  this  case  we  may,  perhaps, 
be  placing  on  record  for  the  first  time  the  type  of  degeneration  of 
echinococcus  walls,  which  we  have  above  described.  Various  other 
processes  of  degeneration  of  echinococci  have  been  described,  of  which 
may  be  stated  the  following  brief  summary :  The  earliest  changes 
usually  begin  in  the  surrounding  capsule,  which  softens  and  disin- 
tegrates or,  on  the  other  hand,  hypertrophies  or  undergoes  calcareous 
degeneration.  This  is  followed  by  the  fatty  degeneration  and  disin- 
tegration of  the  parenchyma  lining  the  interior  of  the  cyst.  The 
fluid  contents  of  the  cyst  are  gradually  absorbed  and  inspissated  into  a 
granular  and  fatty  detritus,  or  may  undergo  gelatiniform,  colloid, 
caseous,  or  purulent  degeneration,  while  the  cuticle  softens  and  dis- 
integrates into  an  amorphous  detritus  or  may  become  calcified.  These 
processes  may  also  follow  the  rupture  of  the  cyst.  Sometimes  the 
process  of  degeneration  is  so  complete  that  there  is  left  only  a  small, 
dried-up,  knotty  mass  as  the  remains  of  the  previous  cyst. 

The  study  of  the  fluid  aspirated  from  the  cysts  did  not  assist  ma- 
terially in  reaching  a  diagnosis.  Hooklets,  scolices,  calcareous  cor- 
puscles, and  bits  of  cyst-membrane  were  all  absent,  and  thus  spoke 
against  echinococcus  fluid.  It  must  be  remembered,  however,  that 
these  structures  are  found  only  occasionally  in  the  cyst-fluid,  according 
to  Leuckart,^  "  only  in  a  very  small  minority  of  the  cases  of  human 
echinococcus."  Hooklets  were  mentioned  in  only  seven  out  of  the  sixty- 
seven  cases  of  hydatid  disease  collected  by  Sommer^  from  the  United 
States.  The  high  specific  gravity  (1026)  of  the  fluid  and  its  consid- 
erable amount  of  albumin  were  opposed  to  the  diagnosis  of  echino- 
coccus. The  specific  gravity  of  hydatid  fluid  ranges  usually  from 
1005  to  1013,  and  albumin  is  said  by  most  observers  to  be  absent. 
Still,  instances  of  high  specific  gravity  and  abundant  albumin  in  hydatid 
fluid  are  recorded,  especially  in  cases  of  degenerated  hydatids.  Cor- 
dier,'^  in  a  case  of  sterile  echinococcus  cyst  of  the  liver,  found  a  "  sero- 
sanguinolent "  fluid  containing  albumin  and  having  a  specific  gravity 

1  Die  Parasiten  des  Menschen.    Aufl,  2,  Bd.  i.,  1886,  Leipzig  and  Heidelberg. 

2  Echinococcus  Disease  in  the  United  States.   Medical  Record,  New  York,  November  23, 1895. 
s  Langsdale's  Lancet,  Kansas  City,  April,  1896. 
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of  1032.  Bruce  and  Sheild/  in  a  case  of  gelatiniform  degeneration 
of  hydatid  cysts  of  the  liver,  found  a  gelatinous  fluid  that  was  "  highly 
albuminous."  Mosler  and  Peiper^  have  found  albumin  in  such  cases 
of  hydatids  only  as  were  influenced  by  a  surrounding  inflammatory 
process.  Neisser^  states  that  after  repeated  exploratory  punctures  the 
fluid  may  contain  albumin.  Knaggs*  found  a  considerable  amount  of 
albumin  in  the  fluid  withdrawn  from  a  hydatid  cyst  by  the  first  punc- 
ture. Rosenstein^  and  Jaeger^  have  claimed  even  that  traces  of  albu- 
min were  the  rule  in  hydatid  fluid.  The  presence  of  succinic  acid  is 
regarded  as  pathognomonic  of  hydatid  fluid,  but  its  absence  is  of  no 
value  as  evidence.  This  acid  is  said  by  Leuckart  to  be  *' found  in 
hardly  any  other  living  organisms."  Traces  of  grape-sugar,  as  in  our 
case,  are  usually  found.  The  presence  of  cholesterin  crystals  in  large 
amount  is  certainly  suggestive  of  degenerated  hydatids.  Still,  caution 
must  be  enjoined  in  using  this  point  for  diagnosis,  for  a  considerable 
number  of  cholesterin  crystals  may  be  encountered  in  fluid  from  vari- 
ous other  cysts  and  encysted  conditions  in  the  body,  as  we  have  re- 
cently seen  in  a  case  of  degenerated  simple  cyst  of  the  testicle,  and 
in  a  case  of  colloid  carcinoma  of  the  peritoneum.  The  large  amount 
of  cholesterin  crystals  in  the  fluid  did,  however,  and  correctly,  lead  us 
to  the  opinion  that  the  fluid  in  the  chest  was  at  least  encysted,  though, 
as  we  erroneously  supposed,  only  by  inflammatory  adhesions  and 
fibrous  tissue.  Thus,  as  is  seen,  the  study  of  the  fluid  ofi'ered  little 
evidence  for  the  diagnosis  of  hydatid  cyst. 

We  have  assumed  that  the  fluid  obtained  by  puncture  of  the  chest 
cavity  came  in  fact  from  the  cysts.  This  conclusion  could  hardly  be 
controverted,  we  think,  after  considering  the  facts  above  set  forth.  In 
this  connection  it  may  be  worth  while  to  explain  the  difficulty  that 
was  encountered  in  obtaining  fluid  by  puncture  over  the  area  of 
dulness.  On  the  first  occasion  the  needle  had  to  be  inserted  five  times 
before  fluid  was  withdrawn,  and  on  the  second  occasion  also  five 
separate  punctures  were  made  before  fluid  was  obtained.  The  very 
loose  attachment  of  the  cysts  to  the  costal  pleura  and  the  impreg- 
nation of  their  hyaline  walls  with  crystals  of  cholesterin  forming  a 

1  Medico-Chirurgical  Transactions,  London,  1891-1892,  vol.  Ixxv.  pp.  175-188. 

2  Thierische  Parasiten.    Wien,  1894.  3  Dig  Echinococcen-Krankheit.  Berlin,  1877. 
*  Schmidt's  JahrbUcher,  clxiv.  p.  198. 

6  Die  Pathol,  und  Therap.  der  Harnkrankheiten.    Berlin,  1886. 
«  Meckel's  Archiv,  Bd.  vi. 
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shield  over  them,  as  it  were,  appear  to  us  to  be  sufficient  to  explain 
this  fact. 

As  the  physical  examination,  symptoms  and  history  of  the  case 
offered  no  evidence  of  the  past  or  present  existence  of  hydatids  in 
other  organs,  we  have  assumed  the  cysts  of  the  pleura  to  be  primary. 
Primary  echinococcus  cysts  of  the  pleura  are  of  very  rare  occurrence, 
and  we  have  succeeded  in  finding  only  thirty-nine  cases  in  the  litera- 
ture.^ These  thirty-nine  cases  include  Neisser's^  seventeen  cases, 
Madelung's^  one  case,  RosenthaPs*  review  of  five  cases,  MaydFs*  col- 
lection of  four  additional  cases,  Winzerling's^  one  case  (and  his  two 
additional  cases  found  in  the  literature),  Hosier's  and  Peiper's*^  one  case, 
Ascoli^s®  four  cases,  Vannini's^  one  case,  Pasca's^*^  one  case,  Orlandi's^^ 
one  case,  and  von  Bokay's^^  one  case.  Adding  our  own  case  to  this 
enumeration,  we  have,  then,  a  total  of  forty  recorded  cases  of  primary 
echinococcus  of  the  pleura.  Of  these  forty  cases,  thirty-two  were 
pleural  and  eight  were  peripleural ;  twenty-four  occurred  on  the  right 
side,  eight  on  the  left  side,  and  in  eight  cases  the  side  was  not 
stated.  Echinococci  of  the  pleura  secondary  to  the  disease  in  neigh- 
boring organs,  especially  the  liver,  are  of  more  frequent  occurrence, 
though  still  very  uncommon. 

The  exogenous  form  of  echinococcus  cysts  {Exogener  echinococcus^ 
Kuhn),  as  seen  in  our  case,  is  relatively  uncommon  in  man,  at  least 
in  its  typical  form  of  multiple,  external  budding.  The  endogenous 
form  [Echinococcus  hydatidosus,  Leuckart)  and  the  simple  single  cysts 
are  the  forms  usually  seen  in  man.  In  herbivorous  animals  the  ex- 
ogenous form  is  said  to  be  common  (Leuckart).  A  very  rare  form  of 
the  exogenous  hydatids  is  the  Echinococcus  racemosus,  Leuckart, 
which  differs  from  the  commoner  form  of  exogenous  cysts  only  in  the 

1  This.collection  of  cases  does  not  include  the  case  reported  by  Dr.  D.  F.  Smith,  of  Walker- 
ton,  Ontario,  under  the  title  "A  Case  of  Hydatids  of  the  Lung"  (Can.  Med.  and  Surg.  Journ., 
November,  1882,  xi.,  195-197).  The  description  of  this  case  leads  us  to  believe  that  it  was  one 
probably  of  primary  cyst  of  the  pleura,  of  the  peripleural  variety. 

2  Loc.  cit. 

3  Beitrage  Mecklenbg.  Aerzte  zur  Lehre  der  Echinokokkenkrankheit.    Stuttgart,  1885. 
*  Ueber  den  Echinococcus  der  Muskeln.    Diss.,  Berlin,  1888. 

5  Ueber  Echinokokkus  der  Pleura.    Wien,  1891. 

9  Ein  Beitrage  zur  Casuistik  des  primaren  Pleuraechinococcus.    Diss.,  Jena,  1892. 

7  Loc.  cit.  8  La  Riforma  medica,  Napoli,  1894,  p.  729. 

9  BuUettino  delle  Scienze  Mediche,  Bologna,  May,  1896,  p.  240. 

10  Bull.  del.  Soc.  Lancis.  deg.  Osped.  di  Roma.    Anno  xvi.,  Ease,  ii.,  1896,  p.  84. 

11  Gazz.  med.  di  Torino.,  1898,  vol.  xlix.  pp.  501,  521,  and  565. 

12  Jacobi's  Festschrift,  New  York,  1900,  p.  211. 
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greater  number  and  smaller  size  of  the  cysts,  which  resemble  a  bunch 
of  tiny  grapes.  Indeed,  were  the  individual  cysts  of  our  case  all 
small,  we  might  properly  describe  them  as  racemose  hydatids.  No 
case  of  multiple,  budding,  exogenous  echinococcus  cysts  of  the  pleura 
has  been  previously  described  so  far  as  we  have  been  able  to  ascertain. 

The  physical  signs  found  at  the  base  of  the  right  chest  in  our  case 
were  not  especially  suggestive  of  echinococcus  cysts  as  opposed  to 
encysted  pleural  eifusion,  though  no  positive,  differential,  physical 
signs  are  known,  save  the  "fremissement  hydatique^''  first  described 
by  Briangon^  and  Piorry,^  which  could  hardly  be  expected  to  be  ob- 
tained in  its  typical  form  through  the  bony  chest-wall.  It  is  possible, 
however,  that  the  prolonged,  harsh,  vibrating  fremitus  which  we  felt 
and  heard  over  the  area  of  dulness  was,  in  fact,  a  modified  hydatid 
fremitu.%  produced  by  the  movements  imparted  to  the  cysts  by  the 
lung  in  its  inspiratory  expansion.  An  irregular  line  of  limitation  of 
the  percussion  flatness  has  been  said  to  be  usual  in  hydatid  cysts  of 
the  pleura,  as  well  as  an  anomalous  mingling  of  normal  and  abnormal 
physical  signs  on  palpation  and  auscultation.  As  illustrated  by  our 
case,  there  seems  to  be  little  tendency  for  echinococci  of  the  pleura  to 
invade  by  extension  neighboring  organs,  excepting  in  the  case  of  peri- 
pleural  echinococci,  and  curiously,  also,  echinococci  of  the  pleura 
rarely  excite  pleurisy. 

The  prognosis  in  unoperated  hydatid  cysts  of  the  pleura,  primary 
and  secondary,  is  almost  hopeless,  and  no  remedial  measure  short  of 
radical  extirpatory  operation  should  be  considered.  Of  the  thirty- one 
unoperated  cases  of  primary  and  secondary  echinococci  of  the  pleura 
in  Neisser's  statistics,  all  died  without  exception,  including  even  those 
cases  in  which  evacuation  took  place  by  rupture  into  a  bronchus. 
The  fatality  of  unoperated  hydatid  disease  of  the  pleura  is  accounted 
for,  in  part,  by  the  tendency  of  the  cysts  to  become  infected  and  puru- 
lent, and  also  in  many  cases,  by  the  profound  toxcemia  resulting  from 
the  rupture  of  the  cysts  and  the  absorption  of  their  fluid,  which  is 
very  toxic.  Brieger'*  first  and  later  also  Boinet  and  Chazovli^re* 
have  succeeded  in  separating  from  hydatid  fluid  a  toxic  substance 

1  Essai  sur  le  diagnostic  et  le  traitment  des  ac6phalocystes.    Thesis,  Paris,  August  26,  1828. 

2  De  la  percussion  mediate,  et  des  signes  obtenus  k  I'aide  de  ce  nouveau  moyen  d'explora- 
tion.    Paris,  1828. 

8  Langenbuch's  Leber-echinococcus  und  seine  Chirurgie,  p.  78. 
4  Revue  de  M6decine,  November,  1898,  No.  11. 
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that  is  rapidly  fatal  to  animals  after  injection.  For  the  same  reason 
exploratory  puncture  of  the  cysts  has  been  followed  in  many  cases 
by  a  rapidly  developing  toxaemia  and  death,  as  well  as  by  sepsis. 
A  common  sign  of  toxaemia  following  exploratory  puncture  is  the 
development  of  a  general  urticarial  eruption.  Because  of  the  danger 
of  sepsis  and  toxaemia  resulting,  it  would  be  conservative  practice  to 
undertake  a  radical  operation,  follow^ing  exploratory  puncture,  at  the 
very  earliest  possible  moment  after  reaching  a  diagnosis  of  echino- 
coccus  cyst. 

In  conclusion,  we  wish  to  express  to  Prof  William  H.  Welch  and 
Dr.  Charles  Wardell  Stiles  our  great  indebtedness  for  their  interest 
in  our  case  and  their  valuable  assistance  in  confirming  our  diagnosis. 


DISCUSSION. 


Dr.  Vickery  :  There  is  difficulty  in  making  a  diagnosis  of  this  trouble.  I 
saw  a  man  twenty-five  or  thirty  years  of  age  some  time  ago  presenting  symp- 
toms of  pleuritic  effusion,  and  on  aspiration  a  puriform  fluid  was  obtained  ; 
an  operation  was  done  and  ordinary  drainage  instituted  without  recovery  of 
the  patient.  On  enlarging  the  opening  the  surgeon  discovered  and  success- 
fully removed  echinococcus  cysts.  I  saw  no  way  of  making  a  diagnosis  from 
the  symptoms. 


THE    POSSIBILITY    OF  ELIMINATING    THE    DELETE- 
RIOUS WHILE  RETAINING  THE  ANTITOXIC 
EFFECTS   OF  ANTITOXIC   SERA. 


By  WILLIAM  HALLOCK  PAKK,  M.D., 

OF  NEW  YORK. 


While  in  the  treatment  of  diphtheria  and  tetanus  we  believe  that 
the  beneficial  effects  of  antitoxic  sera  far  outweigh  the  deleterious  effects, 
still  all  of  us  would  gladly  avoid,  if  possible,  the  eruptions,  the  changes 
in  the  blood  and  the  constitutional  disturbances  which  occasionally 
follow  the  serum  injections.  These  disturbances,  occurring  mostly  in 
children,  and  in  about  15  per  cent,  of  the  cases  injected,  are,  as  a  rule, 
simply  very  disagreeable  for  the  day  or  two  during  which  they  per- 
sist. Occasionally,  however,  they  are  of  more  importance,  as  when, 
for  instance,  they  occur  in  a  child  having  severe  laryngeal  diphtheria 
accompanied  by  bronchitis  or  bronchopneumonia,  or  in  one  in  poor 
general  condition,  the  final  recovery  of  the  case  may  be  retarded  or 
even  prevented.  In  these  cases  the  primary  beneficial  antitoxic  effects 
are  largely  neutralized  by  the  later  deleterious  effects  of  the  serum. 
The  scarlatinal  type  of  rash  is  also  sometimes  very  puzzling  in  a  diag- 
nostic way. 

In  pursuing  the  investigation  of  purifying  antitoxins  it  is  necessary 
to  learn  all  that  we  can  of  their  chemical  nature.  We  find  that  recent 
investigations  have  connected  antitoxins  and  globulins  so  closely  that, 
as  we  shall  see,  we  may  consider  it  a  probability  that  the  antitoxins 
are  globulins  or  globulin-like  substances.  Experiments  have  appar- 
ently demonstrated  that  whatever  precipitates  all  the  globulins  from 
an  antitoxic  serum  precipitates  also  the  antitoxins.  This  must  mean 
either  that  antitoxins  are  precipitated  by  the  same  substances  as  glob- 
ulins, or  that  they  are  without  exception  completely  carried  down 
mechanically  by  the  globulin  precipitates. 
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Certain  experiments  carried  out  in  the  Health  Department  Labora- 
tories by  Atkinson  make  the  mechanical  explanation  of  the  bringing 
down  of  the  antitoxin  hard  to  believe.  Thus  he  found  that  when  a 
solution  of  globulin  precipitated  by  magnesium  sulphate  from  a  nor- 
mal or  an  antitoxic  serum  was  saturated  with  sodium  chloride  and 
gradually  warmed  to  72°  C,  there  occurred  five  different  precipitates, 
and  in  antitoxic  sera  these  precipitates  were  in  each  case  antitoxic. 
The  filtrate  always  remained  antitoxic  so  long  as  any  globulin  re- 
mained in  solution,  but  no  longer,  so  that  when  the  temperature  had 
been  raised  to  72°  C.  the  last  trace  of  antitoxin  as  well  as  globulin 
had  been  precipitated. 

Now,  to  have  with  the  rise  of  temperature,  one  after  another,  five 
absolutely  distinct  globulin  precipitates  formed  in  the  saturated  sodium 
chloride  solution,  and  to  have  each  of  these  carry  with  it  only  a  por- 
tion of  the  antitoxin,  and  yet  when  the  fifth  and  last  globulin  precipi- 
tate had  formed  to  leave  absolutely  no  trace  of  antitoxin  behind  in 
the  solution,  seems  to  me  difficult  to  explain  on  any  other  supposition 
than  that  along  with  the  normal  serum  globulins  there  were  also  anti- 
toxic globulins. 

The  work  of  Atkinson,  just  alluded  to,  suggested  to  me  an  experi- 
ment, the  outcome  of  which  renders  the  mechanical  theory  of  the 
separation  of  the  antitoxin  still  more  improbable.  As  before,  the 
solution  of  the  precipitate,  obtained  from  antitoxic  serum  by  satu- 
rating with  magnesium  sulphate,  was  saturated  with  sodium  chloride 
and  heated,  but  now  only  to  55°  C,  so  that  only  that  portion  of  the 
antitoxin  and  globulin  which  is  precipitated  at  the  lower  temperature's 
was  thrown  out.  One-half  of  the  filtrate  containing  still  about  30 
per  cent,  of  the  antitoxin  and  of  the  globulins  was  mixed  with  the 
entire  globulins  from  a  similar  quantity  of  normal  serum  from  an  un- 
treated horse.  The  mixture  of  normal  and  antitoxin  globulins  satu- 
rated with  sodium  chloride  was  warmed  to  55°  C,  but  here,  in  spite 
of  a  heavy  precipitate,  only  a  trace  of  antitoxin  came  down,  no  more 
than  was  obtained  from  the  half  kept  for  a  control  which  was  heated 
to  the  same  temperature,  but  to  which  no  normal  unheated  antitoxin 
had  been  added.  If  we  conceive  the  globulins  in  diphtheritic  antitoxin 
sera  to  be  a  mixture  of  non-antitoxic  globulins  and  antitoxic  globulins 
the  results  of  the  above  experiment  would  be  intelligible.  Both 
globulins  would  be  aff'ected  alike  by  the  magnesium  sulphate,  such 
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globulin  salts  being  formed  that,  when  put  in  the  saturated  sodium 
chloride  solution  and  warmed,  the  five  precipitates  above  described 
would  occur.  Each  would  be  antitoxic,  because  in  each  precipitate 
would  be  some  non-antitoxic  and  some  antitoxic  globulin.  It  is  not 
meant  to  affirm  that  the  five  separate  precipitates  indicate  exactly  five 
separate  globulins,  for  Atkinson  has  found  that  the  percentage  amount 
of  each  precipitate  varies  somewhat  according  to  the  amount  of  mag- 
nesium sulphate  present  in  the  saturated  sodium  chloride  solution  at 
the  time  of  heating. 

Still  another  hint  of  the  globulin  character  of  antitoxin  is  in  the 
remarkable  relation  which  has  been  found  to  exist  between  the  glob- 
ulin amount  and  the  antitoxin  amount  in  the  different  bleedings 
during  the  immunization  of  the  horse  to  diphtheria  toxin.  Horse 
numbered  137  when  first  obtained  contained  3.2  per  cent,  globulin 
and  three  units  of  antitoxin  in  each  c.c.  It  is  of  some  interest  to 
note  that  this  is  the  largest  amount  of  normal  antitoxin  ever  noted  by 
us  in  any  untreated  horse.  Three  months  later,  after  repeated  injec- 
tions of  toxin,  the  globulin,  as  tested  by  Atkinson,  was  8.2  per  cent, 
and  the  antitoxin  1200  units  per  c.c.  Three  weeks  later,  toxin  in 
jections  having  in  the  meantime  been  omitted,  the  globulin  was  5.9 
per  cent,  and  the  antitoxin  650  units  per  c.c.  Still  ten  days  later  the 
globulin  was  4.7  and  the  antitoxin  400  units. 

During  all  this  time  there  was  no  increase  in  albumin,  but  a  de- 
crease of  from  20  to  10  per  cent,  during  the  increase  of  the  globulin. 
This  increase  and  decrease  of  globulin  we  have  found  in  all  horses  to 
be  roughly  in  proportion  to  the  increase  and  decrease  in  antitoxin, 
and  this  without  any  relation  to  the  amount  of  toxin  injected. 
Figures  for  many  of  our  horses  will  appear  soon  in  the  Journal  of 
Experimental  Medicine^  in  articles  by  Atkinson  and  Hiss. 

We  have  then  these  facts  for  diphtheria  antitoxin.  It  is  present  in 
considerable  amounts  in  the  blood  of  some  untreated  horses  and  in 
large  amounts  in  the  blood  of  immunized  horses.  The  antitoxin  in 
both  of  these  kinds  of  sera  is  thrown  down  with  the  globulins,  and 
this  is  apparently  a  true  precipitation  and  not  a  mechanical  separation. 
A  considerable  increase  of  antitoxin  always  includes  an  increase  in 
the  total  globulins.  Diphtheria  antitoxin  appears,  therefore,  to  be 
either  a  globulin  or  a  substance  having  many  of  its  characteristics. 

If  this  be  true,  we  cannot  hope  to  get  a  pure  antitoxin,  but  only  a 
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mixture  of  antitoxin  with  the  normal  serum  globulin  as  well  as  any 
other  substances  which  are  present  in  the  blood  and  are  precipitated 
by  the  chemicals  which  precipitate  globulins. 

With  this  idea  in  view,  I  asked  Mr.  Atkinson  to  saturate  a  litre  of 
high-grade  antitoxic  serum,  which  had  unusual  rash-producing  proper- 
ties, with  magnesium  sulphate,  and  then,  after  removing  all  the  mag- 
nesium sulphate  possible  by  pressing  the  precipitate  between  filter 
papers,  to  replace  the  magnesium  in  the  precipitate  with  sodium. 
This  mixture  of  globulins  and  antitoxins  and  about  10  per  cent,  of 
sodium  sulphate  was  then  used  in  36  cases  of  diphtheria,  with  the 
hope,  but  hardly  the  expectation,  that  in  excluding  the  albumin  and 
the  other  substances  not  thrown  down  by  the  magnesium  sulphate,  we 
might  have  gotten  rid  of  at  least  a  portion  of  the  deleterious  sub- 
stances of  the  serum.  In  all  36  cases  of  diphtheria  were  treated,  24  at 
their  homes  and  12  in  the  hospital. 

Table— Summary  of  Cases  Treated  by  the  Department  of  Health 
Inspectors  with  Diphtheria  Antitoxic  Globulin. 


Inspector. 

Cases. 

Local  rashes. 

General  rashes. 

No.  rash  per  ct. 

Dr.  Benedict 

.    4    ' 

2 

1 

1 

Dr.  Wootton 

.     6 

0 

0 

6 

Dr.  Somerset 

.    7 

0 

1 

6 

Dr.  Pollitzer  . 

.     5 

0 

0 

5 

Dr.  Hubbard 

.     1 

0 

1 

0 

Dr.  Lynde      . 

.     1 

0 

0 

1 

Dr.  Lynde,  immunized     11 

0 

0 

11 

Totals,  diphtheria     .  24 

2 

3 

19 

"        immuni 

zation  11 

0 

0 

11 

Recovered,  23. 

Died,  1. 

The  different  inspectors  sent  me  the  following  summaries  of  their 
results : 

Dr.  Benedict  writes : 

"  Marked  induration  follows  its  use,  which  I  have  never  before 
observed.  The  induration  is  painful  and  occasions  discomfort  and 
enforced  prostrate  position  in  bed  when  the  buttock  is  used,  a  site  of 
injection  which  has  always  been  my  point  of  injection.  The  fact  that 
three  out  of  the  four  cases  injected  have  shown  some  rash  is  important, 
though  it  is  to  be  considered  that  the  other  cases  have  not  received 
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the  same  surveillance.  I  have,  however,  never  seen  a  case  of  anti- 
toxin rash  before  outside  of  the  hospital,  and  have  many  times  re- 
visited my  cases  for  several  days  after  the  original  injection. 

"  In  case  No.  3,  the  only  serious  one  in  the  series,  there  seems  to 
have  been  from  the  globulin  just  as  favorable  action  as  a  curative  as 
found  in  the  plain  serum.  This  case  was  septic,  and  the  nose  was 
plugged,  but  recovery,  which  was  slow,  was  uneventful,  and  began  in 
forty-eight  hours  after  the  injection. 

*^From  my  experience  with  this  globulin  serum,  I  should  not  be 
inclined  to  use  it  in  outside  practice,  preferring,  for  the  reasons  above, 
the  ordinary  serum." 

Dr.  Wootton  writer  on  his  seven  cases : 

"  Rashes  occurred  in  but  one  case,  and  this  had  previously  been 
injected  with  another  serum.  As  a  matter  of  fact,  however,  with  the 
exception  of  a  few  blotches  around  the  point  of  injection,  rashes  were 
very  rare  with  the  serum  I  had  previously  used.  On  the  other  hand, 
the  swellings  at  the  point  of  injection  seemed  to  be  much  more  per- 
sistent when  '  globulin  '  was  used.  It  is  thinner,  and,  consequently, 
easier  to  inject  than  the  other.  As  to  the  mortality,  the  cases  seem 
to  me  to  be  too  few  to  draw  any  conclusions." 

Dr.  Somerset  writes  on  his  seven  cases  : 

"  All  of  the  cases  recovered.  Three  of  the  cases  showed  irritation 
at  site  of  injection,  resulting  in  abscess  in  one  of  them.  One  case 
showed  a  rash.  Of  the  three  cases  having  local  irritations,  two  were 
ill-fed  and  in  a  miserable  physical  condition.  The  results,  as  regards 
the  lesion  and  general  progress  of  the  cases,  do  not  seem  to  diifer 
materially  from  those  obtained  with  the  regular  variety  of  antitoxin.^' 

Of  the  twenty-four  cases  of  diphtheria  injected  at  their  homes,  most 
of  which  were  not  severe,  there  was  but  one  death,  and  that  occurred 
in  a  baby  fifteen  months  old  in  which  the  diagnosis  of  diphtheria  is 
in  doubt,  as  no  diphtheria  bacilli  were  found  in  the  culture. 

CASES   TREATED    AT    THE    WILLARD    PARKER    HOSPITAL. 

Twelve  cases  were  treated  with  antitoxic  globulin,  and  twelve 
others,  the  cases  being  taken  alternately,  were  treated  with  serum  of 
the  same  bleeding  as  that  from  which  the  globulin  was  derived.     No 
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rashes  appeared  in  the  adults  treated  with  the  globulin  or  with  the 
serum.  In  the  children  receiving  globulin  a  little  less  than  50  per 
cent,  developed  scarlatinal  rashes ;  the  same  was  true  for  the  serum 
cases.  As  there  is  a  difference  of  opinion  as  to  whether  some  of  these 
rashes  were  due  to  antitoxin  or  scarlet  fever,  I  will  not  give  the 
details  of  the  cases  here.  I  watched  them  carefully,  and  am  of  the 
opinion  that  the  globulin  cases  did  as  well  as  those  treated  by  the 
serum,  but  no  better.  In  a  small  proportion  of  cases  the  globulin 
with  its  sodium  sulphate  caused  local  pain  and  swelling,  in  this  respect 
being  less  desirable  than  the  untreated  serum. 

We  are,  I  think,  safe  in  concluding  from  the  clinical  observation 
of  the  cases  treated  and  from  animal  experiments,  that  while  the 
globulin  class  of  substances  contains  all  of  the  curative  bodies  of  the 
blood,  it  also  contains  to  a  large  extent  at  least  the  properties  which, 
in  susceptible  persons,  cause  certain  changes  which  are  manifested  by 
skin  eruptions,  usually  without  but  sometimes  with  fever  and  other 
constitutional  disturbances.  The  hope  that  in  separating  the  globulins 
and  allied  substances  from  the  blood  we  might  obtain  the  protective 
substances  while  leaving  those  that  are  sometimes  harmful,  must 
probably,  at  least  for  the  present,  be  given  up.  We  must  turn,  there- 
fore, to  the  consideration  of  o*ther  possible  methods  for  eliminating  the 
deleterious  properties  of  the  serum. 

Several  different  methods  have  been  advocated  to  accomplish  this, 
namely,  filtration,  heating  to  58°  C,  preservation  for  a  considerable 
period,  and  more  careful  selection  and  treatment  of  animals  used  for 
antitoxin  production.  Filtration  through  fairly  coarse  stone  filters, 
such  as  the  Berkefeld,  while  removing  bacteria  and  any  floating  par- 
ticles, has  not,  in  my  experience,  succeeded  in  removing  those  sub- 
stances which  produce  the  serum  effects.  It  seems  to  me,  therefore^ 
to  be  a  probability  that  any  filter  that  allows  antitoxins  to  pass  will 
allow  the  deleterious  substances  to  pass  also. 

The  heating  of  serum  to  58°  C.  for  twenty  minutes  has  been  ad- 
vocated by  Spronck.  Used  hy  him  in  a  large  number  of  cases,  such 
serum  gave  far  less  of  the  "  serum  effects  "  than  the  unheated  serum. 
In  a  limited  experience  our  results  have  been  about  the  same  from 
both  the  heated  and  the  unheated  serum. 

A  number  of  observers  have  thought  that  the  rashes,  etc.,  were 
less  from  serum  kept  for  some  months  than  from  that  freshly  drawn* 
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We  can  certainly  affirm  that  in  our  experience  seriim  kept  for  from 
six  months  to  one  year  has  appeared  to  be  less  irritating  than  when 
freshly  drawn.  The  difference,  however,  was  not  great  enough  to 
make  us  certain  that  the  better  results  from  the  kept  serum  were  not 
accidental.  It  certainly  seems  safe  to  assert,  however,  that  old  serum 
is  as  good  as  freshly  drawn  serum  of  equal  strength  in  antitoxin. 
We  do  not  need,  therefore,  to  use  freshly  drawn  serum,  but  rather 
serum  recently  tested  for  antitoxin  strength. 

Chemical  methods,  heat  and  filtration  failing,  up  to  the  present,  at 
least,  to  enable  us  to  retain  the  antitoxic  while  lessening  or  altogether 
eliminating  the  deleterious  substances,  can  we  through  selection  of 
animals,  manner  of  feeding  and  treatment,  improve  our  present 
methods  of  procuring  a  dispensing  antitoxin  ? 

All  who  have  watched  the  use  of  antitoxic  serum  in  diphtheria  and 
tetanus  obtained  from  different  sources  have  felt  convinced  that  serums 
differ  in  their  liability  to  produce  disturbances  in  those  injected. 
Thus,  some  time  ago,  during  a  whole  month  at  the  Willard  Parker 
Hospital  there  were  only  two  rashes  of  a  mild  urticarial  type  in  sixty- 
five  consecutive  cases,  while  another  serum  produced  a  rash  in 
twenty  of  the  thirty  persons  injected. 

Such  a  difference  must  be  attributed  to  the  nature  of  the  serum 
employed  and  not  to  the  varying  susceptibility  of  the  individuals 
injected.  Not  only  does  the  serum  from  different  horses  vary,  but  also 
different  bleedings  of  the  same  horse.  In  selecting  our  serum  we  can, 
therefore,  hope  to  accomplish  something. 

Conclusions.  Antitoxins  are,  in  all  probability,  substances  hav- 
ing the  properties  of  globulins.  They  cannot  with  our  present  knowl- 
edge be  separated  from  that  portion  of  the  blood  serum  which  in 
susceptible  persons  produces  disagreeable  effects.  The  fact,  however, 
that  the  antitoxic  serum  from  some  horses  is  scarcely  at  all  delete- 
rious, leads  us  not  to  give  up  the  attempt  of  procuring  a  serum,  either 
by  selection  of  animals  or  by  the  treatment  of  the  serum  itself,  which 
while  being  antitoxic  will  not  to  any  important  degree  be  deleterious. 
For  routine  practice  at  present  we  can  scarcely  do  better  than  to 
follow  the  general  plan  of  using  the  serum  from  all  healthy  animals 
which  have  remained  healthy  during  their  period  of  immunization  and 
which  have  in  their  blood  a  sufficient  concentration  of  antitoxin. 

A  plan  which,  with  the  co-operation  of  Dr.  H.  M.  Biggs,  Director 
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of  the  Laboratories,  and  the  Health  Commissioners,  I  am  trying  to 
put  in  effect  may  possibly  prove  to  be  practicable,  although  it  has 
many  difficulties  to  contend  with,  and  can  probably  only  be  carried 
out  by  departments  of  health.  Each  bleeding  of  antitoxin  gives 
about  three  thousand  c.c.  of  serum,  which,  in  the  usual  strength  of 
three  hundred  to  four  hundred  units  per  c.c,  suffices  for  about  two 
hundred  patients.  The  serum  from  as  many  bleedings  as  possible 
will  be  used  first  in  ten  mild  cases  which  are  under  the  direct  super- 
vision of  the  Department  of  Health.  The  serum  from  any  bleeding 
that  gives  marked  eruptions  will  be  thrown  away.  The  serum  from 
some  of  the  bleedings  which  seem  to  be  of  the  very  best  character  will 
be  kept  for  the  most  serious  cases  among  those  treated  at  the  hospital 
or  by  the  department  at  their  homes.  The  remainder  of  the  very 
good  and  fairly  good  serum  will  be  sent  out  in  the  usual  way.  This 
is  rather  a  small  outcome  of  the  work  toward  bettering  antitoxin 
which  we  have  carried  on  for  some  time  in  the  laboratories  of  the 
New  York  Health  Department ;  perhaps  in  the  future  others  or  we 
ourselves  may  succeed  better. 

Finally,  I  wish  to  express  my  thanks  to  Mr.  J.  P.  Atkinson,  the 
Assistant  Chemist,  for  the  use  of  his  globulin  determinations  in  the 
different  antitoxic  sera  and  for  his  general  assistance. 


DISCUSSION. 

Dr.  Peabody  :  I  would  like  to  ask  Dr.  Park  whether  in  the  experience  of 
the  Health  Board  of  New  York  any  definite  conclusions  have  been  arrived 
at  as  to  the  individual  idiosyncrasies  in  connection  with  the  unpleasant 
results  of  the  antitoxins — whether  a  patient  who  has  the  skin  symptoms  on 
one  occasion  is  likely  to  have  a  repetition  following  a  subsequent  injection? 
That  individual  idiosyncrasy  is  a  matter  of  importance  has  been  shown  in 
some  cases.  It  has  happened  to  me  to  divide  a  single  vial  between  three 
patients  for  protective  purposes — an  infant  three  years  old,  the  child's  mother, 
and  the  nurse.  The  mother  and  child  had  no  unpleasant  symptoms — the 
nurse  was  laid  up  with  urticarial  fever  and  joint  symptoms,  and  incapacitated 
for  two  weeks.  It  has  seemed  to  me  that  this  element  in  the  problem  is  en- 
titled to  a  great  deal  of  consideration.  I  think  it  is  more  difficult  to  work  up 
than  the  purely  experimental  study  in  the  laboratory. 

Dr.  Meltzer  :  It  would  be  interesting  to  know  whether  Dr.  Park  has  • 
any  knowledge  of  the  appearance  of  rashes  even  after  repeated  injections  of 
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antitoxin  serum,  as  it  is  possible  that  the  human  body  gradually  acquires  a 
certain  degree  of  immunity  against  these  secondary  effects  of  the  alien  serum. 

Dr.  Park  :  As  to  Dr.  Peabody's  question,  I  know  of  but  very  few  cases 
that  showed  liability  to  rashes  and  then  had  after  a  lapse  of  time  subsequent 
injections.     I  remember  one  case  that  reacted  again. 

As  to  Dr.  Meltzer's  question  ;  some  of  the  cases  have  repeated  rashes  from 
a  single  injection,  so  that  in  an  individual  case  it  is  almost  impossible  to  say 
whether  the  second  rash  is  due  to  the  original  or  subsequent  injections.  Dr. 
McCullom,  at  the  Boston  City  Hospital,  is  using  enormous  doses  of  the  diph- 
theric antitoxic  serum,  averaging  about  15,000  units  of  antitoxin  and  45  c.c. 
of  serum  to  each  case,  and  yet  does  not  note  from  these  enormous  doses  any 
appreciable  increase  in  the  amount  of  serum  disturbance  developed ;  so  it 
would  seem  from  his  as  well  as  my  own  experience  that  later  injections  of 
serum  are  not  as  liable  to  cause  these  symptoms  as  the  first  injection.  An 
acquired  immunity  is  thus  suggested.  A  small  dose  of  one-half  a  cubic 
centimetre  is,  however,  much  less  apt  to  cause  noticeable  disturbances  than 
larger  doses  of  five  to  ten  c.c. 
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Scientific  literature  is  full  of  careful  observations  of  those  ob- 
servers who  have  studied  the  various  species  of  bacteria  isolated  from 
diseased  organs  and  tissues  in  man  and  animals,  and  scattered  in  the 
literature  of  the  past  two  decades  are  a  few  articles  which  describe 
the  micro-organisms  which  have  been  found  in  the  living  body  where 
no  evident  disease  was  present. 

The  results  of  these  later  observations  have  been  so  at  variance  that 
practically  two  schools  of  bacteriologists  have  developed :  the  one 
studying  cultures  and  smears  from  healthy  organs  removed  imme- 
diately after  death,  claiming  that  bacteria  are  normally  found ;  and 
the  other,  using  slightly  different  methods  and  finding  no  growth  on 
their  cultures  from  similar  organs,  attributing  the  successful  results  of 
its  opponents  to  errors  in  technique,  and  coming  to  the  conclusion 
that  these  organs  are  normally  sterile. 

Meissner,^  early  in  the  last  decade,  states  that  ^'  in  the  living  tissues 
of  the  healthy  animal  no  bacteria  capable  of  development  are  present," 
while  Zweifel,^  quite  on  the  contrary,  affirms  that  in  the  living  tissues 
bacteria  are  always  present,  that,  however,  they  are  anaerobic  in  char- 
acter, their  capability  of  development  thus  depending  to  a  larger  ex- 
tent upon  the  amount  of  oxygen  brought  to  the  tissues  by  the  blood. 

Hauser,'^  moreover,  following  the  work  of  these  two  men  with 
similar  observations,  found,  almost  without  exception,  that  the  tissues 
of  the  body  were  sterile,  whether  sections  of  these  tissues  be  submitted 
to  bacteriological  examinations  (Gram's  method)  or  whether  cultures 
be  made  directly  from  the  organs  on  the  different  nutritive  media. 
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Welch,*  in  1891,  speaking  with  especial  reference  to  the  colon 
bacillus,  states  that  he  has  isolated  this  organism  from  the  internal 
organs  of  the  body  only  where  some  distinct  lesion  of  the  intestinal 
mucosae  was  present,  and  almost  uniformly  failed  to  find  it  outside 
the  intestinal  tract  when  no  demonstrable  lesion  of  the  mucosa  existed. 
He  states,  moreover,  that  the  colon  bacillus  does  not  invade  the  blood 
and  organs  in  the  process  of  post-mortem  decomposition.* 

Among  the  more  extended  observations  in  this  particular  field  of 
bacteriology  are  those  of  Neisser  and  Opitz,  who  have  not  only  pub- 
lished the  results  of  their  own  careful  and  painstaking  researches,  but 
have  as  well  made  accurate  historical  reviews  of  the  bacteriological 
literature  of  the  past  thirty  years,  especially  that  portion  which  deals 
exclusively  with  the  question  under  consideration. 

Neisser^  using  rabbits  and  guinea-pigs  removed  the  internal  organs 
(liver,  spleen  and  kidneys,  heart,  lung,  mesentery)  with  as  thorough 
asepsis  as  possible,  cultivated  them  for  two  days  on  nutritive  media, 
and  finding  that  without  exception  these  organs  were  free  from  bac- 
teria at  the  end  of  this  time,  concluded  that  ^'  under  normal  conditions 
no  bacteria  are  present  in  the  lymph  or  blood  stream.^'  After  feed- 
ing different  animals  with  cultures  of  various  micro-organisms,  how- 
ever, and  producing  distinct  lesions  of  the  intestines,  he  found  a  large 
number  of  internal  organs  from  which  bacteria  grew,  either  those  with 
which  the  animal  was  treated  or  those  that  normally  inhabit  the  intestine. 

Opitz^  removed  the  mesenteric  glands  of  cattle  killed  at  the  abattoir 
at  Breslau,  carried  them  to  the  Hygienic  Institute  in  the  same  city, 
and  there,  after  carefully  sterilizing  the  surface,  cut  out  bits  of  these 
glands  and  cultivated  them  on  agar  and  gelatin  plates.  Observing 
that  in  the  majority  of  organs  thus  treated  no  bacteria  grew  at  the 
end  of  three  days,  and  that  the  forms  isolated  from  the  organs  which 
decomposed  were  in  all  cases  spore-bearers,  especially  the  bacillus 
subtilis,  the  spores  of  which  are  exceedingly  hard  to  kill,  he  concluded 
that  the  mesenteric  glands  of  cattle  are  normally  sterile,  that  is,  that 
a  passage  of  bacteria  through  the  intestinal  wall  during  digestion  nor- 
mally does  not  take  place. 

*  Dr.  Welch  has,  however,  informed  us— and  he  will,  I  feel  assured,  permit  me  to  mention 
the  fact— that  in  the  course  of  an  incompleted  research  in  his  laboratory,  prior  to  the  com- 
mencement of  these  investigations,  it  was  found  that  the  organs  of  healthy  cats  treated  imme- 
diately after  death  by  the  perchloride  method  (to  be  described  later)  gave  cultures  of  more  than 
one  form. 
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IS'either  Neisser  nor  Opitz  record  any  observations  on  organs  kept 
longer  than  three  days,  and  the  latter,  in  the  experiments  described 
above,  naturally  does  not  eliminate  the  possibility  of  post-mortem 
changes,  as  the  transportation  of  the  organs  from  one  institution  to 
another,  together  with  the  means  employed  to  sterilize  the  surface, 
made  necessary  by  such  a  transportation,  consume  so  much  time  that 
rapidly  growing  species  of  bacteria  might  develop,  or,  on  the  other 
hand,  bacteria  present  at  the  time  of  death  might  be  destroyed  by 
liberated  bactericidal  substances ;  and,  to  say  the  least,  Opitz  is  not 
working  with  tissues  absolutely  normal. 

For  now  some  years  studies  more  especially  on  the  liver,  made  by 
Professor  Adami  in  Montreal,  have  revealed  the  presence  under  the 
microscope  of  minute  bodies  within  the  cells,  present  both  in  diseased 
states  and  in  organs  showing  no  special  lesion,  which  Dr.  Adami  could 
only  conclude  were  of  bacterial  origin.^  It  thus  became  of  interest  to 
note  whether  bacteria  were  taken  up  by  the  healthy  organism,  and  Dr. 
A.  G.  Nicholls,  Senior  Demonstrator  of  Pathology,  undertook  a  study  of 
the  bacteriology  of  the  healthy  rabbit.  His  results  seemed  persist- 
ently to  show  that  there  was  a  passage  of  bacteria  into  the  normal 
tissues. 

Lack  of  adequate  time,  however,  to  carry  out  an  extended  series  of 
observations  has  prevented  the  completion  of  enough  experiments  to 
determine  with  sufficient  accuracy  whether  this  law  holds  true  for 
different  species  of  animals  under  different  conditions,  and,  conse- 
quently, the  work  was  elaborated  by  the  Fellow  in  Pathology. 

It  is  the  object  of  the  present  paper  to  describe  the  experiments 
made,  with  more  especial  reference  to  the  methods  employed  and  the 
general  results  obtained  than  to  the  particular  varieties  of  organisms 
isolated. 

It  was  decided  to  attempt  the  solution  of  one  part  only  of  this 
problem,  and  to  determine  whether  bacteria  are  normally  present  in 
the  livers  and  kidneys  of  animals  killed  instantaneously,  and  not  to 
raise  the  question  of  the  path  of  the  bacteria  from  their  normal  habi- 
tation to  the  organs  in  which  they  might  be  found,  a  subject  which 
Dr.  Nicholls  is  more  especially  engaged  in  studying  at  the  present 
time. 

In  addition  to  the  experiments  on  animals,  a  number  of  autopsy 
cultures  were  studied,  and  while  a  considerable  interval  of  time  neces- 
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sarily  elapsed  between  the  moment  of  death  and  the  moment  of  mak- 
ing the  culture,  jet  the  results  of  this  set  of  observations  seemed  so 
much  to  verify  the  work  on  animals  that  they  have  been  included  in 
this  paper. 

It  was  necessary  at  the  outset  to  keep  two  facts  especially  in  mind. 

First,  it  was  desirable  to  reproduce  the  conditions  in  which  the 
organs  normally  exist,  and  to  remove  them  within  a  time  after  death, 
so  short  that  it  could  be  certain  that  post-mortem  changes  were  not 
being  studied ;  and,  secondly,  cultures  had  to  be  made  on  a  variety  of 
media  both  solid  and  fluid,  so  as  to  avoid  if  possible  the  common  expe- 
rience of  bacteriologists  who  frequently  see  bacteria  in  substances 
examined  and  yet  are  unable  to  obtain  any  growth  from  them. 

In  this  connection  may  be  mentioned  the  variance  in  the  results  of 
blood  cultures  obtained  by  the  German  and  English  students  as  com- 
pared with  the  French,  for  while  the  former  using  solid  media,  straight 
or  slant,  on  the  surface  of  which  the  blood  has  been  smeared,  have  ob- 
tained in  many  cases  no  growth  on  their  media,  the  latter  using  large 
quantities  of  fluid  media,  especially  broth,  have  found  bacteria  in  a 
much  larger  proportion  of  cases.  It  may  thus  be  possible  that  the 
blood  undiluted  will  exhibit  a  strong  bactericidal  power  which  will 
be  lost  if  the  blood  be  well  diluted,  and  thus  there  is  frequently  a 
decided  growth  in  broth,  for  example,  as  compared  with  a  sterile  cul- 
ture on  agar.  The  same  law  may  hold  true  for  the  animal  juices  as 
well  as  for  the  blood.  Therefore,  animals  were  instantaneously  killed, 
the  organs  were  removed  with  the  greatest  possible  care  to  avoid  con- 
tamination ;  they  were  then  preserved  in  gelatin,  agar,  or  broth  at 
the  room  or  the  body  temperature,  and  cultures  were  made  directly 
from  these  organs  on  both  solid  and  fluid  media. 

It  was  decided,  moreover,  to  study  animals  in  both  a  condition  of 
fasting  and  of  full  digestion  to  determine  what  changes  might  be  caused 
by  the  state  of  the  stomach  and  intestines,  and  bearing  in  mind  the 
negative  results  obtained  by  Neisser  and  Opitz,  it  was  decided  to  pre- 
serve the  organs  for  such  a  time  as  to  be  sure  that  a  small  number  of 
bacteria  developing  slowly  in  the  animal  tissues  might  not  escape 
detection. 

The  methods  employed  in  this  work  will  be  briefly  described.  The 
first  set  of  animals  was  killed  early  in  October  of  last  year.  Rabbits 
were  selected,  starved  for  twenty-four  hours,  killed  instantaneously  by  a 
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blow  on  the  head,  fastened  to  animal  boards  and  saturated  with  water, 
to  prevent  the  hair  and  fur  from  flying  about  the  field  of  operation. 
The  operator's  hands  were  washed  with  soap  and  water,  soaked  in 
saturated  solutions  of  potassium  permanganate  and  oxalic  acid,  and 
then  bichloride  of  mercury  solution  1 :  1000  for  several  minutes. 

All  instruments  were  boiled  for  fifteen  to  thirty  minutes,  and  with 
separate  instruments  for  each  step  of  the  operation,  the  skin  was  re- 
moved, a  small  incision  in  the  abdominal  muscles  made  and  the  kid- 
neys and  half  of  the  liver  of  each  animal  were  excised,  then  passed 
immediately  into  the  gas  jet  of  a  Bunsen  burner,  where  they  were  held 
in  the  flame  with  hot-flamed  instruments  till  the  outer  surface  was 
scorched  or  cooked  to  a  grayish-brown.  They  were  then  transferred 
immediately  to  specially  prepared  gelatin  bottles.  These  bottles  were 
wide  mouthed,  furnished  with  ground-glass  stoppers,  each  perforated 
by  a  small  opening  plugged  with  cotton,  each  bottle  containing  about 
50  c.c.  of  gelatin  well  sterilized,  and  the  whole  placed  in  the  steam 
sterilizer  at  a  temperature  of  110°.  At  the  operation  the  glass  stop- 
pers were  removed,  the  smoking  organ  dropped  directly  from  the  flame 
into  the  melted  gelatin  and  the  glass  stopper  immediately  replaced. 
The  organs  thus  removed  were  preserved  at  the  room  temperature  for 
eight  days. 

Cultures  were  made  from  day  to  day  by  drawing  up  a  small  bit 
of  the  organ  in  a  sterile  capillary  pipette  through  the  perforation  in 
the  glass  stopper,  and  inoculating  agar  and  broth-tubes.  After  eight 
days  the  organs  were  hardened  in  formal-Miiller  and  sectioned  and 
examined  by  the  carbol-thionin  and  Gram's  method. 

From  the  first  six  organs  thus  prepared  cultures  were  obtained  on 
the  fourth  to  the  seventh  day  in  four  cases,  and  a  similar  set  of  organs 
was  then  removed  from  full  fed  rabbits  with  the  same  technique  and 
preserved  in  similar  gelatin  bottles.  Positive  results  were  obtained 
in  four  of  the  six  organs  of  this  series. 

A  third  set  of  rabbits  was  killed,  the  organs  removed  (kidney  and 
liver)  with  the  same  care,  and  I  was  particular,  moreover,  to  flame 
the  instruments  in  every  case  before  touching  the  organs,  and  to  cook 
the  surface  of  the  organ  thoroughly  in  the  flame.  These  organs  were 
preserved  in  agar  in  the  thermostat  at  the  body  temperature. 

At  the  end  of  three  days  in  this  set  of  cultures  the  surface  of  the 
agar  was  covered  with  an  abundant  growth  of  bacteria,  from  which 
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cultures  were  made.  The  organ  was  then  removed,  its  surface  seared 
by  a  red-hot  knife,  and  another  set  of  cultures  taken  from  its  interior. 

The  glass-stoppered  bottles  were  now  discarded  in  favor  of  small 
two-inch  deep  Petri  dishes  half-filled  with  agar,  which  could  be  man- 
aged exactly  like  an  ordinary  plate  culture.  Long  broth-tubes  of 
larger  calibre  were  also  employed,  furnished  with  broken  glass  in  the 
bottom,  having  a  cruncher  of  glass  rod  passed  through  the  cotton- 
plug,  and  containing  about  100  c.c.  of  neutral  bouillon. 

Both  agar  and  broth  were  sterilized  in  the  autoclave,  and  at  the 
operation  they  were  opened  for  only  a  fraction  of  a  second,  and  the 
hot  sizzling  organ  passed  directly  into  the  medium. 

The  organ  in  the  broth  was  broken  up  by  the  glass  rod,  which  was 
then  pulled  out  through  the  cotton-plug  and  the  top  of  the  tube  was 
covered  with  tin-foil.  Cultures  could  be  obtained  from  this  as  from 
an  ordinary  broth-tube. 

Thus,  in  the  latter  experiments,  each  set  of  animals  furnished  a 
series  of  cultures  on  broth,  on  the  surface  of  the  agar  and  from  the 
interior  of  the  organ. 

As  a  later  procedure  the  Durham  modification  of  the  Smith 
fermentation-tube  was  adopted  instead  of  the  broth-tube,  and  glucose 
broth  used  instead  of  the  plain.  This  modification,  I  may  say,  con- 
sists in  having  a  small  test-tube  inserted  in  a  larger  one,  which  con- 
tains sufiicient  broth  to  fill  the  inner  tube. 

With  the  technique  and  method  thus  described  cultures  have  been 
made  from  the  kidneys  and  liver  of  full-fed  and  fasting  rabbits, 
guinea-pigs,  cats  and  dogs,  and  the  various  bacteria  isolated  from  them 
have  been  identified  as  far  as  possible.  Especial  care  has  always 
been  taken  to  avoid  contamination.  For  many  of  the  experiments 
the  instruments  had  been  soaked  for  some  days  in  a  mixture  of  40 
per  cent,  formalin*  and  glycerin,  and  then  boiled  immediately  before 
operation ;  but  the  surest  way  of  securing  their  absolute  sterility  has 
been  to  heat  them  in  the  flame  for  several  minutes  before  using. 

In  all  cases  the  organs  have  been  thoroughly  cooked  in  the  flame 
before  preservation.  By  means  of  the  fermentation-tube  the  organ 
preserved  in  broth  _  has  often  been  found  to  evolve  a  considerable 
quantity  of  gas,  and  yet  the  cultures  from  it  would  show  only  a 

*  Formalin  is  40  per  cent,  solution  of  formaldehyde.    This  antiseptic  was  originally  recom- 
mended by  Dr.  F.  Buller. 
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staphylococcus  or  a  non-gas-producing  bacillus.  Smears,  however, 
from  the  original  tube  would  show  various  bacilli,  either  the  colon  or 
other  forms,  which  were  possibly  overgrown  by  the  hardier  staphylo- 
coccus or  some  variety  like  mesentericus. 

In  many  cases  it  has  been  impossible  to  identify  the  organisms 
isolated,  so  rudimentary  is  our  knowledge  of  bacterial  species ;  and 
while  in  the  earlier  experiments  careful  observations  were  made  to 
determine  if  possible  which  particular  variety  had  grown,  a  num- 
ber of  different  animals  being  inoculated  to  establish  this  point,  in  the 
later  experiments  it  has  sufficed  to  describe  the  bacteria  briefly  and  to 
separate  them  into  rough  types.  I  hope  to  describe  later  the  char- 
acter of  the  foregoing  forms  isolated  in  the  course  of  these  experiments. 

In  work  of  this  kind  the  chances  of  contamination  are  many,  and 
the  greatest  care  must  be  exercised  to  avoid  this  factor.  With  atten- 
tion to  the  details  of  asepsis,  however,  the  organs  may  be  removed 
and  preserved  without  introducing  bacteria  from  without  into  the 
culture  media ;  but  it  is  a  different  problem  to  take  routine  cultures 
from  these  organs  from  day  to  day  over  a  period  of  several  days  or 
weeks  without  at  times  suspecting  that  the  later  growths  are  due  to 
an  earlier  contamination.  After  a  certain  amount  of  experience,  how- 
ever, it  became  possible  to  take  the  cultures  in  the  proper  way,  and  a 
few  organs  in  each  series  which  remained  sterile  after  being  tapped 
for  a  number  of  times  demonstrated  that  the  bacteria  which  did  grow 
in  the  others  came  from  the  organs  themselves.  To  illustrate,  a  liver 
was  preserved  for  thirty-nine  days,  cultures  taken  every  third  day, 
and  yet  at  the  expiration  of  this  time  the  cultures  were  as  absolutely 
free  from  bacteria  as  at  first.  Another  organ  was  preserved  for  the 
same  time  with  the  same  result. 

The  time  of  growth  of  the  bacteria  followed  a  fairly  general  law. 

Cultures  were  usually  obtained  on  the  fourth,  fifth,  or  sixth  day, 
at  which  time  the  organ  would  show  signs  of  decomposition.  Rarely 
growths  were  obtained  on  the  second  and  third  day,  but  it  was  usually 
possible  to  foretell  by  the  third  day  what  particular  organ  would  fur- 
nish a  culture,  both  by  means  of  the  discoloration  of  its  surface,  its 
softness  where  tapped,  the  color  it  imparted  to  the  media,  and  espe- 
cially by  gas  evolved  in  the  fermentation-tube. 

As  a  routine  measure,  therefore,  cultures  were  made  every  third 
day ;  the  organs  were  preserved  for  fourteen  days,  those  organs  being 
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declared  sterile  which  had  not  decomposed  by  this  time.  Contra- 
dictions to  this  law  were  frequently  noted.  In  a  number  of  cases 
there  was  an  abundant  gas-production  in  the  broth-tubes,  and  yet  no 
growth  in  culture  media,  while  in  other  cases  the  organs  in  agar  would 
present  every  sign  of  decomposition,  yet  no  bacteria  could  be  isolated. 
Cultures  taken  immediately  after  removal  from  the  body  were  invari- 
ably sterile,  and  on  the  first  and  second  day  usually  so,  though  50  c.c. 
flasks  of  bouillon,  so  useful  in  blood  cultures,  were  employed. 

The  results  obtained  in  this  work  have  been  appended  to  this  article 
in  tabulated  form  for  convenience  of  reference,  and  we  may  now 
analyze  the  various  experiments,  contrasting  the  species  of  bacteria 
found  in  the  different  animals  with  the  different  media  and  under  the 
different  conditions  of  digestion. 

The  Livers  and  Kidneys  of  Rabbits. 

The  first  twelve  organs  cultivated,  which  may  be  comprised  in  the 
first  set,  were  taken  from  fasting  and  full-fed  rabbits  and  preserved 
in  gelatin  at  the  room  temperature.  From  eight  of  these  cultures 
were  obtained,  including  staphylococci,  spore-bearing  pathogenic  ba- 
cilli, varieties  of  proteus,  and  a  paracolon.  The  time  of  growth  was 
often  late,  sixteenth  to  seventeenth  day,  and  many  of  the  bacilli  were 
spore-bearers. 

Both  the  late  period  of  development  and  the  character  of  the  bacilli 
grown  might  be  expected  in  gelatin  cultures  at  the  room  temperature. 
From  the  four  organs  remaining  sterile,  cultures  were  made  at  intervals 
for  many  days,  and  yet  no  growth  resulted. 

Out  of  a  total  of  twelve  organs  eight  contained  bacteria,  a  percent- 
age of  66f .      The  same  percentage  is  true  of  the  cultures  made. 

In  the  second  set,  kidneys  and  livers  of  rabbits  preserved  in  agar, 
there  were  fifteen  organs  cultivated  with  eighteen  cultures.  Bacteria 
were  obtained  in  fifteen  of  the  eighteen  cultures — 83.3  per  cent.,  while 
thirteen  of  the  fifteen  organs  grew — 86.6  per  cent. 

This  difference  in  percentage  develops  from  the  fact  that  two  por- 
tions of  the  same  liver  may  be  cultivated  on  different  media — for 
example,  in  broth  and  agar,  while  the  kidneys  in  every  case  were 
saved  entire.  In  each  series  the  different  parts  of  the  liver  have 
been  considered  as  one  organ,  while  the  different  kidneys  from  the 
same  animal  necessarily  are  separate  organs,  for  while  the  general 
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conditions  governing  the  lymph  and  vascular  supplies  of  the  two  kid- 
neys are  identical,  yet  the  bacteriology  of  the  two  kidneys  of  the  same 
animal  may  be  quite  different,  as  has  been  seen  in  many  cases. 

Cultures  were  obtained  from  the  fasting  animals  in  every  case,  the 
growth  on  the  surface  of  the  agar  corresponding  to  that  from  the  organ 
itself,  and,  as  a  rule,  with  that  in  the  broth-tube.  The  predominant 
types  are  staphylococcus,  mesentericus,  colon,  and  paracolon  in  the 
fasting  animals,  while  the  mesentericus,  staphylococcus,  subtilis,  and 
proteus  grew  from  the  full-fed  animals.  No  culture  of  colon  appeared, 
however,  in  the  full-fed  condition.  The  percentage  of  growth  in  this 
series  is  much  higher  that  in  any  other  set  of  animals,  and  illustrates 
possibly  a  condition  of  lowered  resistance  on  the  part  of  the  rabbits 
used.  They  were  taken  from  the  laboratory  supply  which  had  been 
kept  in  confinement  in  unhygienic  conditions  for  many  weeks,  and 
can  hardly  be  said  to  represent  the  normal  conditions  of  animals  at 
liberty. 

In  these  cultures  the  form  appearing  at  the  surface  is  often  only 
one  of  the  forms  grown  from  the  organ,  as  in  Series  III.,  Liver  II., 
where  a  staphylococcus  alone  appeared  on  the  surface  of  the  agar,  and 
in  the  organ  there  grew  staphylococcus,  mesentericus,  and  two  varie- 
ties of  paracolon.  In  Series  IV.  it  may  be  noted  that  from  Liver  I. 
in  both  agar  and  broth  the  cultures  were  identical,  while  the  third 
liver  and  kidneys  were  sterile  in  agar  and  grew  staphylococcus  in 
broth. 

A  number  of  cultures  were  taken  immediately  in  50  c.c.  flasks  of 
bouillon,  all  of  which  were  sterile  except  the  third  kidney,  from  which 
grew  a  mould. 

By  accident  one  portion  of  one  liver  was  preserved  without  singe- 
ing. Its  duplicate  was  preserved  in  the  regular  manner ;  but  from 
both  of  these  organs,  and  from  a  part  of  the  organ  in  broth,  the  same 
variety  of  mesentericus  developed. 

In  general  it  may  be  seen  that  when  an  organ  covered  by  agar 
decomposes,  only  one  or  two  of  the  forms  of  bacilli  present  in  the 
organ  grow  through  the  agar  to  the  surface,  and  that  while  an  organ 
in  agar  may  not  furnish  a  culture,  yet  the  broth  emulsion  of  another 
part  of  the  same  organ  will.  Either  the  breaking  up  of  the  organ 
liberates  the  bacteria  more  easily  or  the  broth  itself  is  a  better  medium 
for  developing  an  organism.     It  is  possible  that  the  liberation  and 
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neutralization  of  the  bactericidal  substances  in  the  juices  of  the  organ 
may  be  especially  facilitated  by  a  fluid  medium. 

Livers  and  Kidneys  of  Guinea-pigs. 

The  third  set  of  animals  (guinea-pigs),  prepared  in  the  usual  way, 
grew  practically  the  same  variety  of  micro-organisms  as  did  the  rab- 
bits, except  that  here  the  bacillus  subtilis  appeared  in  several  of  the 
cultures. 

Its  presence  raised  immediately  the  question  of  the  proper  prepara- 
tion of  the  culture  media,  but  its  consistent  appearance  in  cultures  on 
both  agar  and  broth,  as  in  Kidney  III.,  Series  V.,  and  its  isolation 
from  both  the  surface  of  the  agar  and  the  interior  of  the  organ,  as  in 
Kidney  II.,  Series  VI.,  contraindicated  the  suspicion  that  it  was  an 
interloper. 

A  number  of  sterile  organs  in  this  series  also  pointed  to  the  purity 
of  the  culture  medium.  In  the  subsequent  experiments,  however,  the 
Petri  dishes  of  agar  were  not  only  sterilized  in  the  autoclave,  but 
tested  for  a  week  or  more  in  the  thermostat  on  the  suspicion  that  the 
spores  of  the  subtilis  might  have  been  present  in  the  agar  stock. 

From  twenty-four  cultures  made  here  definite  results  were  obtained 
in  eighteen  cases — a  percentage  of  75,  while  from  the  actual  number 
of  organs  cultivated  (eighteen)  fourteen  grew  (77.7  per  cent.). 

Livers  and  Kidneys  of  Oats. 

The  cats  next  used  were  more  suitable  than  the  rabbits,  as  they 
were  brought  from  the  country,  150  miles  away,  kept  in  confinement 
for  a  few  days  only  before  operation,  and  thus  represent  a  thoroughly 
wild  condition  A  different  variety  of  organisms  resulted  from  the 
cultures  of  this  set.  Staphylococcus  and  colon  persist,  subtilis  and 
mesentericus  drop  out,  and  a  number  of  forms  like  proteus,  mega- 
therium, and  mycoides  appear,  as  well  as  a  staphylococcus  and  two 
varieties  of  long,  narrow,  spore-bearing  bacilli,  whose  growth  was  so 
slow  and  weak  that  a  careful  study  of  their  characters  was  impossible. 
Anaerobic  cultures  in  Buchner  jars  likewise  failed  to  reveal  their 
identity. 

From  the  twenty-four  cultures  here  made  growths  were  obtained  or 
definite  bacteria  noted  in  twenty  cases,  a  percentage  of  83.3 ;  four- 
teen of  the  eighteen  organs  contained  bacteria  (77.7  per  cent.). 
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Livers  and  Kidneys  of  Dogs. 

In  the  fifth  set  of  animals  the  proper  conditions  were  more  nearly 
fulfilled  than  in  any  other  experiment.  The  dogs  were  wild,  had  been 
confined  only  a  few  days ;  the  technique  of  operation  and  the  method 
of  making  cultures  was  better  understood  and  handled ;  there  was  no 
doubt  of  the  proper  sterilization  of  the  culture  media  and  the  Durham- 
Smith  fermentation-tube  furnished  an  accurate  means  of  collecting 
any  gas  produced  in  a  decomposing  organ,  thus  indicating  the  pres- 
ence of  bacteria.  The  thorough  surface  cooking  which  the  larger  size 
of  the  organs  permitted,  and  to  which  each  organ  was  subjected,  left 
no  doubt  of  the  absolute  sterility  of  the  surface. 

The  same  flora  was  isolated  as  from  the  cats,  especially  forms  like 
mycoides,  megatherium,  B.  Zopfii,  and  many  long,  spore-bearing  ba- 
cilli, which  could  be  grouped  together  like  those  of  the  preceding  set. 
The  growth  of  the  latter  was  very  scanty,  but  the  microscopical  char- 
acters of  the  bacilli  were  unmistakable.  Out  of  the  twenty-four  cul- 
tures here  twenty-one  grew  (87.5  per  cent.),  while  sixteen  of  the 
eighteen  organs  contained  bacteria  (88.8  per  cent.). 

Foetal  Organs. 

Four  organs  at  this  time  were  removed  from  foetal  kittens  and 
<jultivated  in  the  same  way.  Three  remained  sterile,  from  one  grew 
a  staphylococcus  and  megatherium,  an  apparently  inexplicable  result, 
yet  the  four  organs  were  all  subjected  to  the  same  procedure,  especially 
in  the  sterilization  of  the  surface. 

Sterilization  hy  Perehloride  of  Mercury. 

At  the  suggestion  of  Dr.  Welch  a  final  set  of  organs  was  prepared 
with  a  somewhat  different  method,  to  see  if  possible  whether  any 
change  in  the  procedure  adopted  could  make  any  change  in  the  actual 
results  obtained. 

Rabbits  were  killed,  the  organs  were  removed  carefully,  and  then 
placed  in  dishes  of  bichloride  of  mercury  1  :  1000,  and  left  for  one 
hour.  The  dishes  had  previously  been  soaked  for  from  two  to  eighteen 
hours  in  this  solution.  The  organs  were  left  in  bichloride  an  hour, 
transferred  to  sterile  water,  and  there  left  another  hour,  rinsed  off  with 
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boiling  hot  sterilized  water,  and  placed  in  fermentation-tubes  and 
sterile  Petri  dishes,  into  some  of  which  agar  was  subsequently  poured. 

By  this  method  the  bichloride  of  mercury  forms  an  insoluble  pre- 
cipitate of  albuminate  of  mercury  on  the  surface  of  the  organ,  which 
allows  complete  sterilization  of  the  surface  without  destruction  of  the 
micro-organisms  in  the  interior. 

Twenty  cultures  prepared  in  this  way  grew  in  thirteen  cases  (65 
per  cent.),  the  forms  being  identical  with  those  from  the  rabbits  origi- 
nally used,  mesentericus,  staphylococcus,  and  colon  being  more  espe- 
cially present.  Of  the  actual  number  of  organs  employed  (twelve) 
nine  showed  bacteria  (75  per  cent.). 

Examination  of  Sections  of  the  Organs. 

Bacteriological  examination  of  the  hardened  organs  was  made  in  all 
cases,  and  the  results  were  somewhat  difficult  to  interpret.  In  many 
organs  from  which  bacteria  grew  the  forms  isolated  could  be  easily  de- 
monstrated in  the  sections,  especially  mesentericus  and  staphylococcus. 
The  bloodvessels,  as  a  rule,  were  filled  by  the  bacteria.  In  other 
cases,  however,  the  only  evidence  of  bacteria  was  the  appearance, 
under  the  microscope,  of  many  granules,  both  extracellular  and  intra- 
cellular, especially  in  the  forms  of  cocci  and  diplococci,  the  numbers 
of  these  bodies  being  relatively  great  in  the  organs  from  which  cul- 
tures were  obtained  as  compared  with  a  small  number  of  granules 
seen  in  sterile  organs,  and  practically  none  in  the  foetal. 

The  appearance  of  these  bodies  was  not  determined  by  the  variety 
of  bacteria  isolated,  as  they  were  common  to  all  the  organs,  whether  a 
staphylococcus,  mesentericus,  subtilis,  or  colon  was  the  result  of  cul- 
tivation, and  the  entire  phenomenon  suggested  the  possibility  that 
these  granules  were  broken  up,  destroyed  bacteria. 

Results  from  Autopsies  [Man), 

The  autopsy  cultures  were  made  by  means  of  a  simple  device  like 
a  potato-cutter  or  cork-borer,  provided  with  a  piston,  which,  after 
sterilization  by  heat,  was  pushed  through  the  sterilized  surface  of  the 
organ,  and,  when  withdrawn,  carried  with  it  a  portion  from  the  in- 
terior of  this  organ,  which  was  placed  in  the  fermentation-tubes. 
These  cultivations  were  made  some  hours  after  death — four  to  six 
hours  in  the  earliest  case — and,  of  course,  this  element  of  time  de- 
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tracts  somewhat  from  the  accuracy  of  the  results.  Twenty-six  cul- 
tures were  made  from  nine  different  autopsies,  and  in  every  case 
bacteria  were  grown  from  these  cultures. 

The  colon,  staphylococcus,  and  mesentericus  were  the  common 
forms,  together  with  a  number  of  long,  narrow  bacilli  like  those  seen 
in  gangrene.  No  putrefactive  organisms  were  isolated,  and  from  the 
similar  results  of  early  and  late  cultures  one  is  led  to  believe  that  at 
the  time  of  death  a  few  bacteria  were  scattered  in  the  organs,  which 
are  capable  of  development  and  transplantation,  rather  than  that  there 
was  a  post-mortem  passage  of  bacteria  from  the  intestine,  for  example, 
into  the  organs.  In  several  cases  a  pure  staphylococcus  was  grown, 
yet  a  large  quantity  of  gas  was  evolved  from  the  original  culture, 
smears  made  directly,  however,  showing  many  bacilli,  which  might 
either  be  the  gas-producing  colon  or  some  pure  anaerobe  overgrown 
by  the  hardier  staphylococcus.  Anaerobic  cultures  in  Buchner's  jars 
revealed  nothing  further  to  solve  this  problem. 

Conclusions. 

There  are  a  number  of  generalizations  which  can  be  made  from  the 
scrutiny  of  the  various  experiments  described  above,  which  both  tes- 
tify to  the  accuracy  of  these  observations  and  explain  in  great  part 
their  contradiction  of  the  conclusions  of  earlier  investigators. 

A.  Each  species  of  animal  showed  its  own  peculiar  bacteriology 
quite  distinct  from  that  of  other  species,  regardless  of  the  conditions 
in  which  the  animals  were  killed  or  in  which  the  cultures  were  made. 

Rabbits.  From  the  kidneys  and  livers  of  rabbits  there  grew  mes- 
entericus, staphylococcus,  colon,  proteus,  and  a  variety  of  spore-bearing 
pathogenic  bacilli  which  was  not  isolated  from  any  other  animal.  These 
bacteria  were  obtained  in  agar,  in  gelatin,  and  in  broth,  from  either 
full-fed  or  fasting  animals,  an  interval  of  several  weeks  elapsing  be- 
tween the  cultivation  of  each  series.  The  last  rabbits  were  killed 
over  six  months  after  the  first,  the  organs  were  preserved  in  a  differ- 
ent manner,  and  yet  the  cultures  were  practically  identical  with  those 
originally  seen. 

Guinea-pig.  The  flora  from  the  guinea-pig  was  similar  to  that  of 
the  rabbits,  and  yet  not  identical. 

There  is  not  the  same  profusion  of  mesentericus  as  in  the  other 
animals,  and  the  bacillus  subtilis  becomes  a.  quite  common  form.     A 
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greater  number  of  organs  remained  sterile.  Staphylococci  and  colon 
appeared  in  about  the  same  proportion  of  the  cultures.  Both  the 
rabbits  and  guinea-pigs  are  herbivora,  and  their  organs  show  species 
of  bacteria  fairly  consistent  with  the  food  on  which  such  animals  live. 

Qat.  In  the  organs  of  the  cats  there  appeared  quite  different 
forms,  megatherium,  mycoides,  Zopfii,  with  an  occasional  subtilis  and 
mesentericus. 

Staphylococci  and  colon  were  common,  but  the  prevalent  forms 
were  of  unknown  species  grouped  about  two  common  types,  A  and 
B — long,  straight  bacilli — spore-bearers,  growing  with  great  diflSculty 
on  the  ordinary  media,  producing  gas  in  the  culture  tubes,  and  iso- 
lated from  the  majority  of  the  organs  of  this  series  of  animals. 

Dog.  The  forms  seen  in  dogs  were  similar  to  those  in  the  cats. 
There  were  very  few  staphylococci,  no  colon  or  paracolon,  and  the 
spore-bearers  of  the  other  carnivora  were  here  replaced  by  long,  nar- 
row bacilli  without  spores,  and  by  broad,  straight  bacilli,  both  gas  pro- 
ducers and  difficult  to  cultivate.  Mycoides,  megatherium,  and  B. 
Zopfii  continue  to  grow  in  many  of  the  cultures. 

As  a  rule,  the  carnivora,  dogs  and  cats,  showed  species  of  bacteria 
quite  similar  to  each  other,  yet  absolutely  different  from  the  cultures 
obtained  from  the  rabbits  and  guinea-pigs — herbivora,  and  these  re- 
sults are  thus  quite  consistent  with  the  difference  in  the  food  used 
by  the  animals,  which  would  determine  to  a  large  extent  the  intes- 
tinal flora. 

B.  Each  animal  used,  regardless  of  its  species^  showed  its  distinct 
bacteriology.  Among  the  rabbits  the  second  animal  of  the  third 
series,  killed  fasting,  showed  in  its  organs  staphylococcus,  mesenteri- 
cus, paracolon,  and  proteus,  while  the  third  animal  showed  staphylo- 
coccus alone  in  all  its  organs. 

The  first  animal  of  the  fourth  series  showed  mesentericus  and 
staphylococcus,  while  from  the  third  animal  nothing  grew  on  agar, 
and  only  staphylococcus  in  broth. 

Among  the  guinea-pigs  the  second  animal  of  Series  VI.  showed 
staphylococcus  and  colon,  while  the  organs  of  the  third  animal  were 
sterile  throughout. 

There  is  a  corresponding  similarity  in  the  cultures  obtained  in  the 
separate  dogs  and  cats,  but  possibly  the  last  set  of  rabbits  shows  ex- 
amples of  this  law  more  convincing  than  are  seen  in  any  other  series. 
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From  the  first  animal  there  grew  colon  or  paracolon  in  every  organ, 
either  alone  or  in  combination  with  other  bacilli.  The  cultures  of  all 
of  the  organs  of  the  second  animals  were  sterile ;  from  the  third 
animal  there  were  cultures  from  the  kidney  only ;  while  from  the  last 
there  was  a  mixture  of  colon  and  staphylococcus. 

From  two  animals,  at  least,  there  were  no  cultures.  From  five 
or  six  there  was  only  staphylococcus  in  the  broth,  and  from  a 
similar  number  a  single  species,  like  mesentericus,  grew  from  all  the 
organs. 

C.  The  different  organs  of  the  various  animals  displayed  the  same 
bacteria  on  the  different  culture  media.  Liver  I.,  Series  IV.,  grew 
mesentericus  in  both  agar  and  broth,  as  well  as  the  unsinged  liver  in 
agar;  Liver  I.,  Series  VI.,  grew  paracolon  throughout,  while  Kidney 
I.,  Series  VII.,  grew  bacillus  subtilis  on  ail  media. 

D.  The  different  culture  media  furnished  a  variation  in  the  species 
of  micro-organisms  quite  consistent  with  the  growths  obtained  from 
the  organ  itself.  The  surface  of  the  agar  showed  frequently  one 
form  only,  which  was  isolated  later  from  the  organ  in  combination 
with  other  forms,  while  the  broth  developed  bacteria  from  organs 
which  were  sterile  in  agar.  For  example,  the  surface  of  the  agar  in 
Liver  11. ,  Series  III.,  grew  staphylococcus  alone,  but  in  the  organ 
there  appeared  paracolons,  mesentericus,  and  staphylococcus.  The 
broth  cultures  of  Liver  III.  and  Kidney  III.,  Series  IV.,  grew  a 
staphylococcus,  while  the  agar  cultures  were  sterile. 

It  is  thus  evident  that  when  an  organ  decomposes,  covered  by  agar, 
some  bacteria  develop  rapidly  and  appear  on  the  surface  either  alone 
or  before  the  others  present  in  the  organs  can  reach  the  same  posi- 
tion, and  it  is  a  significant  fact  that  in  practically  every  organ  culti- 
vated in  this  series  of  experiments  that  particular  species  of  bacterium 
developing  on  the  surface  of  the  agar  was  obtained  later  from  the 
singed  organ. 

The  only  possible  exception  to  this  law  is  in  the  case  of  Kidney  I., 
Series  III.,  where  on  the  surface  of  the  agar  a  mesentericus  appeared, 
with  a  staphylococcus,  while  from  the  organ  a  few  days  later  the 
staphylococcus  only  grew. 

E.  The  condition  of  digestion  exerts  a  decided  hut  not  a  universal 
influence  on  the  species  of  bacteria  isolated  from  the  kidneys  and  livers 
cultivated.     In  many  cases  the  colon  group  appears  in  the  cultures 


404       •  FORD, 

from  the  fasting  animals,  but  fails  to  do  so  in  the  full-fed  condition. 
This  is  especially  well  illustrated  in  Series  III.  and  IV.,  where  the 
fasting  rabbits  furnished  colon  in  three  out  of  six  organs,  while  the 
full-fed  rabbits  furnished  none.  The  prevalence  of  the  colon  group 
was  not  marked  sufficiently,  however,  to  prove  this  law  in  other  species 
of  animals,  while  in  the  carnivora  it  was  impossible  to  work  out  a 
corresponding  law  for  the  unknown  bacteria  there  isolated.  The 
actual  number  of  sterile  organs  seems  to  be  the  same,  whether  we  are 
dealing  with  the  full  fed  or  fasting. 

F.  As  has  already  been  pointed  out,  there  was  in  a  number  of  cases 
ample  microscopic  evidence  to  prove  that  bacteria  had  developed  in 
an  organ^  and  yet  no  cultures  could  be  grown. 

There  was  a  production  of  gas  in  several  of  the  Durham-Smith 
tubes  of  Series  XI.,  yet  no  growth  on  culture  media,  while  the  por- 
tions of  liver  of  the  third  animal  were  discolored,  soft  and  juicy,  like 
those  which  had  furnished  a  growth  of  bacteria,  and  yet  the  cultures 
were  invariably  sterile. 

The  microscopic  examination  of  these  hardened  organs  showed  no 
bacteria,  but  the  same  granular  appearance  as  was  noted  in  the  decom- 
posed organs. 

The  entire  number  of  animals  killed  was  34,  furnishing  93  organs 
and  122  cultures.  Of  the  93  organs,  75  furnished  definite  growths 
on  the  various  media,  a  percentage  of  80.6.  Of  the  actual  number  of 
cultures  made,  122,  95  grew,  a  percentage  of  77.8. 

This  apparent  discrepancy  is  explained  when  we  remember  that 
one  portion  of  an  organ  may  grow  on  one  medium,  and  a  correspond- 
ing portion  on  another  medium  be  sterile,  the  broth  in  all  cases  de- 
veloping more  bacteria  than  the  agar.  Each  set  of  animals  as  well, 
when  analyzed  separately,  showed  over  65  per  cent  if  we  consider  the 
different  cultures,  and  over  %^  per  cent,  if  we  consider  the  organs. 
While  the  highest  percentage  of  organs  containing  bacteria  was  88.6, 
that  of  cultures  growing  was  87.5. 

In  view  of  what  has  already  been  said,  there  is  some  evidence  that 
the  total  number  of  organs  furnishing  cultures  is  smaller  than  the 
number  of  organs  which  might  actually  contain  bacteria,  as  several 
decomposed  organs  are  marked  sterile  because  no  bacteria  were  grown 
from  them. 
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Contamination  of  the  cultures  may  be  eliminated  for  two  reasons  : 
The  utmost  care  was  taken  to  remove  the  organs  aseptically  and  to 
preserve  them  in  sterile  media  in  sterile  dishes.  The  instruments 
were  thoroughly  boiled  and  flamed,  the  media  were  sterilized  in  the 
autoclave  and  then  tested,  the  operator's  hands  were  surgically  clean, 
and  in  the  actual  manoeuvres  care  was  taken  to  prevent  any  possible 
introduction  of  bacteria  from  without.  Each  organ  was  either  thor- 
oughly singed  or  soaked  in  bichloride  of  mercury  to  sterilize  the 
surface,  and  then  passed  immediately  into  the  culture  media  prepared 
for  it.  The  routine  cultures  were  made  in  the  most  careful  manner 
possible,  and  the  actual  preservation  of  several  organs  in  the  various 
media,  gelatin,  agar  and  broth,  for  from  two  to  six  weeks,  and  their 
absolute  sterility  at  the  end  of  this  time  proves  that  the  laws  of  bac- 
teriology were  carefully  adhered  to. 

Again,  the  isolation  of  different  bacteria  from  different  species  of 
animals^  from  different  animals  and  from  different  organs^  shows  that 
the  results  of  cultivation  of  these  organs  depend  on  actual  presence  of 
bacteria  in  the  organs  themselves,  and  not  on  the  accidental  introduc- 
tion of  germs  from  either  the  air, ,  instruments,  the  hands  of  the  oper- 
ator, or  the  media  and  dishes  used. 

The  removal  of  the  organ  from  the  animal  the  moment  after  death 
and  its  transfer  to  the  culture  medium  consumed  less  than  five  minutes 
of  time,  and  it  is  thus  certain  that  these  observations  represent  actual 
living  conditions. 

In  conclusion,  why  do  these  results  contradict  the  results  of  Neisser 
and  Opitz  ?  The  answer  to  this  question  is  simple.  Neisser  and 
Opitz  cultivated  their  organs  for  two  and  three  days  only,  and  at  the 
end  of  this  time  declared  their  organs  sterile.  In  my  cultivations  at 
the  end  of  three  days  an  identical  condition  was  determined.  The 
cultures  were  sterile.  There  is,  then,  no  doubt  thrown  upon  the  facts 
adduced  by  these  observers.  If,  however,  the  organs  be  left  for  several 
days,  a  week,  or  two  weeks,  bacteria  will  appear  on  the  culture  media 
with  such  persistence  and  in  such  profusion  and  specific  variety  as  to 
show  that  they  come  from  the  actual  organs  and  are  not  introduced 
from  without. 

There  are  two  explanations  for  this  phenomenon.  On  the  one 
hand,  the  bacteria  present  in  the  organs  may  be  so  few  in  number 
that  immediately  after  death  they  will  not  grow  on  culture  media,  for 
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it  is  now  being  admitted  that  to  obtain  a  culture  of  bacteria  in  many 
cases  it  is  necessary  to  have  them  present  in  some  slight  number.  As 
HaiFkine  has  pointed  out,  the  transfer  of  bacteria  from  one  medium 
to  another  leads  to  the  destruction  of  a  certain  number  from  altera- 
tion of  environment.  Thus  where  few  are  present  they  may  all 
succumb. 

On  the  other  hand,  the  bactericidal  substances  in  the  animal  juices 
may  be  so  powerful  in  the  living  condition  that  if  they  be  transferred 
with  bacteria  to  culture  media  they  will  there  exert  an  inhibitory 
action  on  these  bacteria  and  render  a  culture  sterile  (especially  in 
solid  media),  whereas,  the  same  juices  may  lose  their  bactericidal 
power  if  separated  from  the  living  animal,  as  in  the  case  of  blood 
serum,  thus  allowing  the  growth  and  multiplication  of  any  bacteria 
present  in  the  living  organ.  This  curiously  slow  development  of 
bacteria  within  healthy  organs  removed  from  the  body  affords  a  most 
interesting  problem  for  further  elucidation. 

But  whatever  be  the  explanation  of  the  facts  as  a  result  of  the 
experiments  described  in  this  article,  it  must  be  concluded  that  at 
least  80  per  cent.  (80.6  per  cent.)  of  the  livers  and  kidneys  of  healthy 
normal  animals  contain  bacteria  which  are  capable  of  development, 
provided  the  proper  culture  media  be  adopted,  and  provided  that  these 
organs  be  cultivated  for  a  sufficiently  long  time  after  their  removal 
from  the  animals  used. 

My  thanks  are  due  to  Dr.  Adami  for  his  great  kindness  and  his 
unfailing  help  and  advice  in  this  series  of  experiments. 

SET  I. 

Series  I. — Rabbits  Fasting.     Organs  in  Gelatin  Bottles. 

Babbit  A 1 : 

Kidney     I.     Staphylococcus.  8th  day. 

Liver        I.     Pathogenic  spore-bearing  bacillus,  No.  I.  4th  day. 

Babbit  A2: 

Kidney    II.        I.  Pathogenic  spore-bearing  bacillus,  No.  II. 

II.  Paracolon.  7th  day. 

III.  Pathogenic  spore-bearing  bacillus.  No.  III. 
Liver       II.     0 

Babbit  A3: 

Kidney  III.     0 

Liver     III.     Staphylococcus  aureus.  7th  day. 
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Seeies  II. — Rabbits  Full  Fed.     Organs  in  Oelatin  Bottles. 


Babbit  B  1 


Kidney      I.     Pathogenic  spore-bearing  bacillus,  No.  IV.  12th  day. 

Liver         I.     0  Sterile  after  39  days. 


Babbit  B2: 

Kidney    II.  Staphylococcus. 

Liver       II.  0 

Babbit  B3: 

Kidney  III.  Staphylococcus. 

Liver     III.  Proteus. 

Paracolon. 


17th  day. 
Sterile  after  39  days. 

4th  day. 
16th  day. 


SET  II. 
Series  III. — Rabbits  Killed  Fasting.     Organs  in  Agar  Bottles  in  Thermostai. 


Babbit  C 1 : 

Kidney  I. 

Liver  I. 

Babbit  C2: 

Kidney  II. 

Liver  1 1. 


Babbit  C3: 

Kidney  III. 


Surface. 
Staphylococcus. 
Mesentericus  vulgatus. 
Long  spore-bearing  bacillus. 
Paracolon  A. 
Paracolon  B. 

Paracolon  C. 
Mesentericus  vulgatus. 

Staphylococcus." 


Staphylococcus. 
Staphylococcus. 


Organ. 
Staphylococcus. 

Staphylococcus. 
Paracolon  A. 


Proteus  vulgaris. 
Mesentericus  vulgatus. 
Paracolon  B. 
Paracolon. 
Paracolon  B. 
Mesentericus  fuscus. 
Staphylococcus. 

Staphylococcus. 
Staphylococcus. 


Liver     III. 
Growths  obtained  on  sixth  day,  previous  to  which  the  bottles  were  unopened. 


Series  IV. — Rabbits  Killed  Full  Fed.     Organs  in  Agar  Plates. 

Babbit  D 1 :  Surface.  Organ.  Broth  tubes. 

Kidney    I.  Mesentericus  ruber.        Mesentericus  vulgatus.  Staphylococcus. 
Liver        I.  Mesentericus  vulgatus.  Mesentericus  vulgatus.  Mesentericus  vulgatus. 

Mesentericus  fuscus. 

Babbit  D  2  :  , 

Kidney  11.  0  0  Mesentericus  fuscus. 

Liver      II.  Mesentericus  vulgatus.  Mesentericus  vulgatus.  Mesentericus  vulgatus. 
Proteus  mirabilis.  Proteus  mirabilis.  Bacillus  subtilis. 

Babbit  D3: 
Kidney  III.  0  0  Staphylococcus. 

Liver    III.  0  0  Staphylococcus. 

Liver        I.  Not  singed. 

Mesentericus  fuscus.       Mesentericus  vulgatus. 
Mesentericus  vulgatus. 
All  cultures  taken  immediately  in  50  c.c.  bouillon  sterile  except  kidney  III., 
from  which  grew  a  mould.     Growths  obtained  fourth  to  sixth  day. 
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SET  III. 


Series  V. —  Guinea-pigs  Killed  Full  Fed.     Organs  in  Agar  Plates. 
Guinea-pig  A  1 : 

Kidney      I. 

Liver         I. 


Guinea-pig  A  2 : 

Kidney    IT. 
Liver       II. 

Guinea-pig  A  3 : 

Kidney  II  r. 

Liver     III. 
Growths  obtained 


Surface. 
Staphylococcus. 
Paracolon. 

Mesentericus  vulgatus. 
Bacillus  subtilis. 


Staphylococcus. 

Mesentericus  ruber. 
Bacillus  subtilis. 
Bacillus  subtilis. 
at  end  of  seventh  day. 


Organs. 
Staphylococcus. 
Paracolon. 
Proteus  vulgaris. 
Mesentericus  fuscus. 


Staphylococcus. 

Mesentericus  vulgatus. 
Mesentericus  fuscus. 
Bacillus  subtilis. 


Series  V. — Guinea-pigs  Killed  Full  Fed. 
Guinea-pig  A  1 : 

Kidney      I.       Mould  on  surface. 

Liver         I.       Not  singed. 

Liver         I.       Singed. 

Guinea-pig  A  2 : 

Kidney    11. 
Liver       II. 

Guinea-pig  A  3  : 

Kidney  III. 
Liver     III. 


Organs  Preserved  in  Broth-tubes, 


Staphylococcus. 
Staphylococcus. 


Mesentericus  fuscus. 
Bacillus  subtilis  and  staphy- 
lococcus. 

Bacillus  subtilis. 
0 


Growths  obtained  at  end  of  seven  days. 

Series  VI. —  Guinea-pigs  Killed  Fasting.     Organs  in  Agar  Plates. 


Guinea-pig  B  1 :  Surface. 

Kidney      I.  0 

Liver         I.  Paracolon. 

Guinea-pig  B  2 : 

Kidney    II.  Bacillus  subtilis. 

Liver       II.  0 

Guinea-pig  B  3 : 

Kidney  in.  0  •  0 

Liver     III.  0  0 

Growths  obtained  at  end  of  seventh  day. 


Organ. 
0 
Paracolon. 

Bacillus  subtilis. 
Staphylococcus. 


Organs  in  broth-tubes. 
0 
Paracolon. 


Staphylococcus. 
Staphylococcus. 


Mould. 
Mould. 


Series  VII 
Cat  A 1 :  Surface 

I.       0 


Kidney 
Liver 


SET  IV. 

Cats  Killed  Fasting.     Organ 
Organ. 
Bacillus  subtilis. 


I. 


Few  spores  ;  no 
bacilli. 


in  Agar  Plate. 
Broth-tubes. 

Bacillus  subtilis. 
Long  bacilli  and  spores. 
Varietv  A. 
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Cat  A  2 : 

Surface, 

Organ. 

Broth-tubes. 

Kidney    II. 

Proteus. 

Proteus. 

0 

Megatherium. 

Megatherium. 

Liver       II. 

0 

Long  bacilli  and 
spores.  Variety  A. 

Few  long  bacilli ;  no  spores. 
Variety  A. 

Cat  A  3 : 

Kidney  I  I. 

0 

0 

0 

Liver     III. 

0 

Mesentericus. 

Mycoides. 

Megatherium. 

Long,  broad,  thick  bacilli 
and  spores.  Variety  B. 

Series  VIII 

.—  Cats  Full  Fed.     Organs  Preserved  in  Agar  Plate. 

Cat  B 1 : 

Surface. 

Organ. 

Broth-tubes. 

Kidney      I. 

Mould  (mucor) 

Mould. 

Few  bacilli  and  spores. 

Colon  bacilli  (?) 

\     Colon  bacillus. 

Variety  B. 

Liver         I. 

0 

Staphylococcus. 
Colon. 

Few  long  narrow  and  few 
broad  bacilli.  Variety  A. 

Cat  B2: 

Kidney    11. 

0 

Few  long  bacilli. 
Staphylococcus. 

0 

Liver       11. 

0 

Few  bacilli. 

Spores. 

Staphylococcus. 

Streptococcus. 

Cat  B3: 

Kidney  III. 

0 

Fine    bacilli   on 
smear;  no  growth 

Few  long  fine  bacilli. 
.     Variety  A. 

Liver     III. 

0 

Few  bacilli ;   no 

Long  straight  bacilli ;  no 

Gas  produced  in  majority  of  broth-tubes,  which  were  furnished  with  inner  tubes 
to  collect  it.     Both  Series  VII.  and  Series  VIII.  anaerobic  cultures  negative. 
Growths  obtained  at  end  of  seven  days. 


SET  V. 


Series  IX. — Dogs  Full  Fed.     Organs  in  Agar. 


Dog  A 1 : 
Kidney 


Liver 

Dog  A2: 
Kidney 

Dog  A3: 
Kidney 

Liver 


II. 

III. 
III. 


Surface. 


I.       0 


I.       0 


Mycoides. 
Megatherium. 

0 
0 


Organ. 


Few  long  straight 
bacilli. 

Megatherium. 


Broth. 

Long  straight  bacilli,  like 
Zopfii,  short  bacilli  and 
large   coccoid   bodies 
like  staphylococci. 

Few   short   straight   ba- 
cilli. 

Long  bacilli  with  spores 
like  Zopfii. 


Long  straight  bacilli ;    Few  long  straight  bacilli. 

no  spores. 
Few  long  straight        Long  straight  bacilli  like 

bacilli.  mycoides,  others  like 

megatherium. 


Gas  produced  in  all  broth-tubes  of  Series  IX. 
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Series  X. — Fasting.     Organs  in  Agar. 


Dog  B  1  : 
Kidney 

Liver 

Dog  B  2  : 
Kidney 

Liver 


I. 
I. 

II. 
XL 


Dog  B  3  : 
Kidney  III. 

Liver     III. 


Surface. 
0 


Organ. 
Staphylococcus. 
Mycoides. 

Sporelike  bodies  and 
long  straight  bacilli. 

Staphylococcus. 

Staphylococcus. 
Mycoides. 


Staphylococcus. 

Spores. 

Long  straight  bacilli. 


Broth. 
Long  straight  bacilli   like 

mycoides. 
Few  long  and  short  straight 

bacilli. 

Spores   and   long  straight 

bacilli. 
Long  straight  bacilli  like 

mycoides  and  spores. 

Few   sporelike  bodies   and 

long  straight  bacilli. 
0 


Gas  produced  in  all  broth-tubes  of  Series  X.  except  Liver  III. 
Growths  obtained  at  end  of  seventh  day. 


SET  VI. 

Series  Xl.^Babbits  Killed  Fall  Fed. 

Organs  removed  aseptically  ;  thrown  into  bichloride  of  mercury  solution  1 :  1000 
for  one  hour ;  passed  into  sterile  water  for  one  hour,  and  then  washed  with  hot 
sterile  water. 

Organs  preserved  dry  in  Petri  dishes  ;  preserved  in  agar  plates  and  in  broth-tubes. 


KabbitEl: 

Kidney 

I. 

Dry      = 

Short  straight  bacilli.     (Colon  ?) 

Kidney 

I. 

Broth  = 

Short  straight  bacilli.     (Colon  ?)     Large  bacilli. 
( Gas  produced. ) 

Liver 

I. 

Dry      = 

Colon. 

Liver 

I. 

Agar    = 

Colon. 

Liver 

I. 

Broth  = 

Colon.     (Gas  produced. ) 

Kabbit  E  2 : 

Kidney 

IL 

Dry      = 

0 

Kidney 

II. 

Broth  = 

0     (Gas  produced.) 

Liver 

IL 

Dry      = 

0 

Liver 

II. 

Broth  = 

0     (Gas  produced. ) 

Liver 

II. 

Agar    = 

0 

Kabbit  E  3 : 

Kidney 

III. 

Dry      = 

Colon  and  heavy  thick  bacilli. 

Kidney 

III. 

Broth  = 

Colon  and  heavy  thick  bacilli.     (Gas  produced. ) 

Liver 

III. 

Agar    = 

0 

Liver 

III. 

Dry      = 

0 

Liver 

III. 

Broth  = 

Broad  straight  bacilli.     (Gas  produced. ) 

Kabbit  E  4 : 

Kidney 

IV. 

Broth  = 

Staphylococci  and  bacilli.     (Gas  produced.) 

Kidney 

IV. 

Agar    = 

Staphylococci. 

Liver 

IV. 

Agar    = 

Surface.     Mesentericus. 

Long  bacilli-like  subtilis. 
Organ.      Mesentericus. 

Colon-like  bacilli. 

Liver 

IV. 

Broth  = 

Short  and  long  straight  bacilli.     (Gas  produced. ) 

Liver 

IV. 

Agar    = 

Long  and  short  thick  bacilli. 
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TOTALS.    ANIMALS  KILLED. 
Set  I. 


Series  I.   (Rabbits  fasting.) 

Kidney      I.  + 

Liver         I.  -|- 

Kidney    II.  + 

Liver       II.  0 

Kidney  IIL  0 

Liver     III.  + 

Number  of  cultures 
Number  of  growths  on  cultures 
Percentage 

Number  of  organs 
Number  bacteria-containing  . 
Percentage 


Series  II.  (Rabbits  full  fed.) 
Kidney  I.  + 
Liver  I.  0 
Kidney  II.  + 
Liver  II.  0 
Kidney  IIL  + 
Liver     III.   + 

12 


12 


Set  II. 


Series  III.   ( Rabbits  fasting. ) 


Series  IV.  (Rabbits  full  fed. 


Agar.       , 

Broth. 

Kidney      I.   -j-                      Kidney      I.   -f 

Kidney      I.   + 

Liver         I.   -j-                      Liver         I.   -f- 

Liver         I.   -j- 

Kidney    II.   +                       Kidney    II.    0 

Kidney    IL  + 

Liver       II.   +                       Liver       II.   + 

Liver       II.   + 

Kidney  IIL   +                       Kidney  III.    0 

Kidney  IIL   + 

Liver     III.  -f                      Liver     IIL    0 

Liver     III.   + 

Number  of  cultures 

.     18 

Number  of  growths  on  cultures 

.     15 

Percentage 

.     83.3 

Number  of  organs  cultivated 

.     15 

Number  of  bacteria-containing 

.     13 

Percentage 

.     86.2 

Set  III. 

:ries  V.  Guinea-pig  (full  fed).              Series  VI. 

Guinea-pig  (fasting). 

Agar.                            Broth.                                Agar. 

Broth. 

Kidney      I.  +         Kidney      I.  +              Kidney 

I. 

0         Kidney      I. 

0 

Liver         I.  +         Liver         I.  -f              Liver 

I. 

+        Liver         I. 

+ 

Kidney    II.   0         Kidney    II.  +              Kidney 

II. 

-f        Kidney    II. 

+ 

Liver       II.  +         Liver       II.  -f              Liver 

IL 

-f         Liver       II. 

+ 

Kidney  III.  -h         Kidney  III.  +              Kidney 

III. 

0         Kidney  IIL 

+ 

Liver     III.  +        Liver     III.  0              Liver 

III. 

0         Liver     IIL 

+ 

Number  of  cultures 

.     24 

Number  of  growths 

.     18 

Percentage 

.     75.0 

Number  of  organs . 

.     18 

Number  of  bacteria-containing 

.     14 

Percentage 

.     77.7 
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Set  IV. 


Series  VII.  ( Cats  fasting. ) 


Series  VIII.  (Cats  full  fed.) 


Aga 

r. 

Broth. 

Agar 

Broth 

Kidney 

Liver 

Kidney 

Liver 

Kidney 

Liver 

L  + 

L  + 

11.  + 

n.  + 

HI.   0 

m.+ 

Kidney      I.  + 
Liver         I.  -j- 
Kidney    II.   0 
Liver       11.  + 
Kidney  III.   0 
Liver     III.  + 

Kidney 

Liver 

Kidney 

Liver 

Kidney 

Liver 

I. 

I. 

11. 

II. 

III. 

III. 

+ 

+ 
+ 
+ 
+ 

Kidney 

Liver 

Kidney 

Liver 

Kidney 

Liver 

I. 

I. 

11. 

II. 

III. 

III. 

+ 
+ 
0 

+ 

Number  of  cultures 
Number  of  growths 

Percentage 

.     24 
.     20 
.     83.3 

Number  of  organs 
Number  of  bacteria-containing 
Percentage 

.     18 
.     14 

.     77.7 

Set  V. 


Series  IX.  (Dogs  full  fed.) 


Series  X.   ( Dogs  fasting. ) 


Agar. 
Kidney  I. 
Liver  I. 
Kidney  11. 
Liver  II. 
Kidney  III. 
Liver     III. 


+ 


+ 


Broth. 
Kidney  I 
Liver  I 
Kidney  II.  -f 
Liver  II.  + 
Kidney  III.  + 
Liver     III.  + 


Number -of  cultures 
Number  of  growths 

Percentage 

Number  of  organs  cultivated 

Number  containing  bacteria  . 

Percentage 


Agar. 
Kidney  I.  + 
Liver  I.  -f 
Kidney  II.  + 
Liver  II.  -I- 
KidneyllL  0 
Liver     HI.  + 


Broth. 
Kidney  I.  + 
Liver  I.  -|- 
Kidney  II.  + 
Liver  II.  -j- 
Kidney  III.  + 
Liver     III.   0 

24 
21 

87.5 

18 
16 
88.8 


Set  VI. 


Series  XL  (Babbits  full  fed.) 

Kidney  L  Dry    +  Kidney  IL  Dry     0  Kidney  IIL  Dry    + 

Kidney  I.  Broth+  Kidney  II.  Broth  0  Kidney  III.  Broth+ 

Liver    I.  Broth -j-  Liver     II.  Dry     0  Liver     III.  Agar  0 

Liver     L  Dry    +  Liver     II.  Broth  0  Liver     IIL  Dry     0 

Liver     I.  Agar  -|-  Liver    II.  Agar  0  Liver     IIL  Broth -f 

Number  of  cultures 
Number  of  growths 

Percentage 

Number  of  organs  cultivated 
Number  of  bacteria-containing 
Percentage 


Kidney  IV.  Broth-f 
Kidney  IV.  Agar  -f- 
Liver  IV.  Agar  -f- 
Liver  IV.  Broth+ 
Liver    IV.  Agar  -j- 

.  20 
.  13 
.     65.0 

.  12 
.  9 
.     75.0 
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Summary. 

Total  number  of  animals  . 

"     number  of  organs  cultivated   . 
'*     number  of  cultures 
''     number  of  growths  on  cultures 
Percentage 

Number  of  organs  containing  bacteria 
Percentage 


34 

93 

122 

95 

77.8 

75 

80.6 


Autopsy  Cultures.     Royal  Victoria  Hospital. 

II. ,  1900.     Male,  45.     Plastic  peritonitis  with  pneumothorax. 
Eight  hours  after  death. 
Kidney,  Colon. 

Liver,  Colon. 

Spleen,  Staphylococcus. 

III.,  1900.     Female,  42.     Chronic  interstitial  nephritis  and  uraemia. 
Twenty-five  hours  after  death. 
Liver,  Colon. 

Spleen,  Colon  and  paracolon. 

VL,  1900.     Male,  64.     Chronic  phthisis. 
Sixteen  hours  after  death. 
Kidney, 
Liver, 

Spleen, 


Colon  and  staphylococcus. 

Colon. 

Staphylococcus. 

Paracolon. 

Long  putrefaction  (2)  forms. 


Gas  produced  (Cultures). 
Gas  produced  (Cultures). 


No  gas  produced. 
( Cultures. ) 


VIIL,  1900.     Female,  10.     Tuberculous  meningitis  and  miliary  tuberculosis. 
Sixteen  hours  after  death. 

Kidney,  Staphylococcus. 

Liver,  Staphylococcus. 

Spleen,  Staphylococcus. 

IX.,  1900.     Male,  58.     Mitral  stenosis  and  incompetency. 
Twenty-four  hours  after  death. 


Kidney, 


Liver, 


Spleen, 


Staphylococcus. 

Colon. 

Long  thick  bacilli. 

Colon, 

Long  forms. 

Broad  forms. 

Colon. 

Cholecystenterostomy. 


1900.     Female  30. 
tonitis. 

Eight  hours  after  death. 
Kidney,  Staphylococci. 

Mixture  of  bacilli  which  did 

not  grow. 
Colon. 


Gas  produced. 

Gas  produced. 
Gas  produced. 
Death  from  exhaustion  ;  no  peri- 


Gas  produced. 


414 


FORD, 


Liver,  Staphylococci. 

Mixture  of  bacilli. 

Colon. 
Spleen,  Staphylococci. 

Mixture  of  bacilli. 


Gas  produced. 
Gas  produced. 


XL,  1900.     Female,  18.     Cerebral  abscess  following  otitis  media. 
Sixteen  hours  after  death. 


Kidney,  Staphylococcus. 

Mesentericus  fuscus. 
Liver,  Staphylococcus. 

Mesentericus  fuscus  (vulgatus). 
Spleen,  Staphylococcus. 

Long  narrow  bacilli. 

XIL,  1900.     Female,  43.     Alcoholic  neuritis. 
Six  hours  after  death. 

Kidney,  Staphylococcus 

Mesentericus  fuscus. 
Liver,  Staphylococcus. 

Colon. 

Mesentericus  fuscus. 
Spleen,  Staphylococcus. 

Colon. 

Mesentericus  vulgatus. 


Gas  produced. 
Gas  produced. 
Gas  produced. 


No  gas  produced. 
Much  gas  produced. 


XIII. ,  1900      Female,  65. 
of  rectum. 
Eight  hours  post-mortem. 

Kidney,  Staphylococcus. 

Mixture  of  bacilli. 
Liver,  Mesentericus  fuscus. 

Mixture  of  bacilli. 
Spleen,  Mesentericus  fuscus. 


Much  gas. 
General  peritonitis  following  stricture  and  ulceration 


Gas  produced. 
Gas  produced. 
Gas  produced. 


Anaerobic  Cultures.    Royal  Victoria  Hospital. 


X.,  1900. 

Eight  hours  after  death. 

Kidney, 

Liver, 

Spleen, 

Staphylococcus. 
Staphylococcus. 
Paracolon. 

XL,  1900. 

Sixteen  hours  after  death. 

Liver, 

Colon. 

Liver, 
Spleen, 

Staphylococcus. 
Long  bacilli. 
Staphylococcus. 
Long  bacilli. 

ZIL,  1900. 

Six  hours  after  death. 

Kidney, 

Liver, 

Spleen, 

Staphylococcus. 
Staphylococcus. 
Colon. 

XIIL,  1900 

.     Eight  hours  after  death. 

Kidney, 

Paracolon. 
Mixture  of  bacilli. 

Spleen, 

Long  narrow  bacilli  without  visible  growth. 
Staphylococcus. 

THE    BACTERIOLOGY    OF    HEALTHY    ORGANS, 


415 


Autopsy.    Royal  Victoria  Hospital. 


11. —1900 

Kidney  + 
Liver     -j- 
Spleen   + 

XL- 

-1900 

Kidney  + 
Liver  -f- 
Spleen    -j- 

III.— 1900 

Kidney  ? 
Liver     -\- 
Spleen   + 

XIL- 

-1900 

Kidney  + 

Liver  -j- 
Spleen   -j- 

VI.— 1900 

Kidney  + 
Liver     -(- 
Spleen   + 

XIII.  ■ 

-1900 

Kidney  + 
Liver  -j- 
Spleen   + 

Anaerobes. 

VIIL— 1900 

Kidney  + 
Liver     -|- 
Spleen   + 

X. 

-1900 

Kidneys- 
Liver  -j- 
Spleen   -j- 

IX.— 1900 

Kidney  -f 
Liver     + 
Spleen   -j- 

XL- 

-1900 

Kidney  + 
Liver  4- 
Spleen   + 

X.— 1900 

Kidney  + 
Liver     -\- 
Spleen   + 

XIL- 

-1900 

Kidney  + 
Liver  -j- 
Spleen   + 

XIIL- 

-1900 

Kidney  + 
Liver  -j- 
Spleen   + 

[ :  26  organs  cultivated,  all  contain  bacteria. 
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PHYSIOLOGICAL   DILATATION   AND   THE   MITRAL 

SPHINCTER   AS   FACTORS    IN   FUNCTIONAL 

AND   ORGANIC   DISTURBANCES 

OF   THE    HEART. 


By  MORTON  PRINCE,  M.D., 

OF  BOSTON. 


In  1889  the  reader^  reported  a  series  of  observations  of  the  hearts 
of  men  examined  under  nervous  excitement.  The  conclusions  arrived 
at  were  that  under  such  conditions  the  mitral  sphincter  may  be  dilated 
by  internal  pressure,  and  the  valve  thereby  may  cease  to  be  efficient, 
and  regurgitation  may  occur  into  the  auricle.  It  was  further  con- 
tended that  as  a  pure  physiological  disarrangement  the  mitral  valve 
may  become  functionally  inefficient  from  causes  that  weaken  the 
sphincter-like  action  of  the  circular  fibres  of  the  heart,  and  that  this 
was  the  true  explanation  of  many  functional  murmurs,  so-called,  as 
well  as  what  is  known  as  "relative  mitral  incompetency." 

I  now  return  to  the  subject.  The  muscular  fibres  of  the  walls  of 
the  heart  are  arranged  in  three  layers.  The  external  and  internal 
layers  run  longitudinally,  while  those  of  the  middle  layer  run  around 
the  heart  as  circular  fibres,  and  are  the  principal  propulsive  power  of 
the  heart.  A  special  layer  of  these  circular  fibres  surround  the  left 
auriculo- ventricular  opening  as  a  sort  of  sphincter  (Henle,  Landois). 
For  the  sake  of  descriptive  convenience  these  may  be  called  the  mitral 
sphincter,  although  they  are  only  a  part  of  the  great  cone  of  circular 
fibres  which  squeezes  the  blood  out  of  the  ventricle.  A  knowledge  of 
this  anatomical  arrangement  is  important. 

It  should  be  understood  that  what  is  said  here  regarding  the  physi- 
ology of  the  mitral  valve  is  true  of  the  tricuspid,  but  for  the  sake  of 
convenience  I  confine  myself  to  the  mitral. 

1  Medical  Record,  A-ril,  1889. 
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The  mitral  sphincter  as  a  factor  in  the  normal  mechanism  of  closing 
the  mitral  valve  is  recognized  by  physiologists  (among  others,  Tiger- 
stedt,  Curtis,  Chauveau  and  Faivre,  and  Hesse),  but  not  by  all  clini- 
cians. A  fairly  thorough  search  of  the  standard  American  and  English 
text  books  on  general  medicine  and  diseases  of  the  heart  discloses  the 
fact  that  with  a  few  noteworthy  exceptions  medical  writers  do  not  seem 
to  recognize  this  mechanism  of  the  mitral  valve,  or,  if  they  do,  the 
important  role  played  by  it. 

Whether  the  sphincter  action  is  supplementary  only  to  the  closure 
of  the  valves  or  whether  it  is  necessary  for  complete  sealing  of  the 
opening  under  ordinary  conditions  is  not  clear ;  but  that  under  extra- 
ordinary conditions  a  failure  of  this  sphincter-like  mechanism  results 
in  mitral  and  tricuspid  incompetence  is  susceptible  of  experimental 
proof. 

We  have  the  following  series  of  fjicts  : 

1.  Anatomic 0 -physiological  Facts.  The  mitral  orifice  differs  ana- 
tomically from  the  aortic  orifice  in  not  being,  like  the  latter,  circum- 
scribed by  a  rigid  ring  of  fibrous  tissue,  and,  therefore,  of  fixed  calibre. 
The  fibrous  tissue  of  the  mitral  ring,  as  Sibson  showed  by  dissection, 
is  so  thin  opposite  the  central  attachment  that  practically  the  orifice 
is  only  partially  surrounded  by  it,  and  hence  the  orifice  dilates  and 
contracts  with  the  dilatation  and  contraction  of  the  ventricles,  this 
being  effected  by  the  sphincter.  What  holds  the  opening  against  the 
internal  pressure  is  not  a  rigid  ring,  but  the  tonus  and  spasm  of  the 
circular  band  of  fibres. 

The  researches,  among  others,  of  Chauveau  and  Faivre,  and  later 
of  Hesse,  have  demonstrated  that  during  systole  the  circumference  of 
the  base  of  the  ventricle  and  of  the  auriculo-ventricular  openings  is 
contracted  to  a  high  degree.  In  other  words,  the  auriculo-ventricular 
openings  contract  during  systole  and  dilate  during  diastole.  Hesse^ 
actually  succeeded  in  obtaining  casts  of  the  ventricular  cavities  in 
diastole  and  systole,  and  in  obtaining  hardened  hearts  in  the  same 
stages,  and  from  these  he  made  sections.     Hesse's  results  are  shown 

1  The  method  employed  was  the  following :  The  ventricles  of  a  dog's  heart  immediately 
after  being  excised  were  subjected  to  the  pressure  of  a  column  of  blood  equivalent  to  150 
mm.  Hg.,  and  a  plaster  cast  then  taken.  Then,  the  chambers  being  emptied,  the  heart  was 
plunged  into  a  saturated  solution  of  bichromate  of  potash,  whereby  the  muscles  contracted 
without  resistance.  Thus  two  casts  were  obtained  representing  two  conditions:  the  one 
representing  the  heart  filled  to  nearly  its  full  capacity,  and  the  other  extreme  contraction 
Am  Phys  27 
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by  these  diagrams.  The  great  difference  in  the  dimensions  of  the 
auriculo-ventricular  openings  is  noticeable,  and  it  is  also  evident  that 
with  the  expansion  of  the  base  during  diastole  these  openings  dilate, 
and  with  contraction  of  the  base  during  systole  they  contract.  As 
these  findings  are  actual  casts  and  sections  of  the  ventricular  cavities, 
it  is  diflScult  to  see  that  they  do  not  represent  possible  variations  in  the 
physiological  size  of  the  auriculo-ventricular  openings.  On  the  other 
hand,  it  is  not  safe  to  conclude  that  these  findings  represent  the  actual 
variation  in  normal  diastole  and  systole  during  life,  but  only  that  they 
are  the  possible  limits  of  physiological  variations.  It  is  true,  they 
portray  extreme  conditions  beyond  what  probably  ever  is  observed  in 
immediately  successive  periods  of  time  in  one  and  the  same  heart 
during  life.  But  nevertheless  they  demonstrate,  and  this  is  the  point, 
that  the  auriculo-ventricular  opening  has  a  varying  calibre,  that  it  is 
capable  of  being  dilated  to  a  large  degree  and  of  being  contracted 
by  the  sphincter  muscle  to  a  comparatively  small  dimension,  and  that 
in  systole  it  does  contract. 

It  still  remains  an  unsettled  point  whether,  under  normal  conditions, 
the  action  of  the  mitral  sphincter  is  only  supplementary  or  whether  it 
is  necessary,  but  the  following  may  be  stated : 

1.  The  elastic  fibrous  ring  is  variable  in  size  under  moderate 
pressure. 

2.  That  without  the  sphincter  action  the  internal  pressure  would 
force  the  valve,  for  there  would  be  nothing  to  keep  the  orifice  from 
dilating  but  this  muscle,  and,  therefore,  that  the  sphincter  is  essential 
for  maintaining  a  sealed  orifice,  though  perhaps  not  for  the  apposition 
of  the  valves  under  ordinary  conditions. 

3.  Under  ordinary  conditions  the  tonus  of  the  sphincter  is  sufficient 
to  keep  the  orifice  within  such  limits  that  the  valves  can  close  it 
(King,  Chauveau  and  Faivre,  Colin,  Baumgarten  and  others),  and, 
therefore,  that  merely  filling  the  ventricles  with  fluid  brings  the  valve 
curtains  into  apposition. 

4.  When  for  any  reason  the  tonus  of  the  sphincter  is  diminished  or 
its  muscular  strength  impaired,  it  may  physiologically  dilate  to  so  high 
a  degree  in  diastole  that  closure  cannot  take  place  without  the  aid  of 
its  contraction,  and  the  sphincter  may  not  be  able  to  hold  against 
internal  pressure. 

5.  That  under  similar  conditions  the  degree  of  contraction  of  the 


FACTORS    IN    DISTURBANCES    OF    THE    HKART.       419 

muscular  fibres  may  not  be  sufficient  to  enable  the  valves  to  hermet- 
ically seal  the  orifice. 

6.  It  is  probable,  therefore,  that  under  certain  conditions  the  action 
of  the  sphincter  is  supplementary,  and  under  other  conditions  it  is 
necessary. 

I.  Experimental  Conditions  in  which  Physiological  Dilata- 
tion AND  THE  Mitral  Sphincter  are  Factors. 

Very  valuable  information  on  the  physiological  working  of  the  heart 
has  been  given  us  by  the  brilliant  experimental  researches  of  Roy  and 
Adami/  which  throw  light  on  the  part  played  by  the  auriculo-ventric- 
ular  sphincter  in  health  and  disease.  This  work  does  not  seem  to 
have  received  the  attention  from  clinicians  that  it  has  from  physiolo- 
gists or  that  which  its  practical  importance  demands.  I  shall,  there- 
fore, describe  it  here  in  some  detail.  These  experimenters  undertook 
to  determine  the  physiological  and  pathological  effect  upon  the  heart 
of  varying  increase  of  work  done.  The  method  adopted  to  increase 
the  work  done  was  to  increase  the  "  pressure  against  which  the  heart 
has  to  force  out  its  contents  by  narrowing  the  aorta  at  one  or  another 
part  of  that  vessel." 

The  volume  of  the  heart  and  the  contraction  of  the  muscular  fibres 
were  measured  by  special  instruments  and  shown  by  graphic  tracings. 

A  few  of  the  more  striking  facts  obtained  are  thus  given  : 

"  We  may  say  that  as  the  outflow  of  blood  from  the  heart  is  interfered 
with  the  maximum  pressure  within  the  ventricle  increases,  this  increase  in 
pressure  having  a  limit.     .     .     , 

"  Such  narrowing  of  the  aorta  produces  a  very  evident  distention  of  both 
ventricles,  which,  nevertheless,  go  on  contracting  and  expanding  in  what  to 
the  eye  seems  a  perfectly  normal  manner.  Examination  of  the  large  veins, 
however,  shows  that  in  them,  with  the  great  or  extreme  narrowing  just 
referred  to,  there  is  a  very  visible  wave  proceeding  from  the  heart  with  each 
ventricular  systole;  in  other  words,  this  narrowing  of  the  aorta  produces 
regurgitation  through  both  mitral  and  tricuspid  valves.  The  effect,  then,  of 
greatly  increasing  the  resistance  which  the  ventricles  have  to  overcome  in 
the  evacuation  of  their  contents,  is  to  raise  the  intraventricular  pressure 
during  systole  to  a  height  varying  with  the  individual  heart  under  observa- 

1  Remarks  on  Failure  of  the  Heart  from  Overstrain,  by  Prof.  Roy  and  J.  G.  Adami,  British 
Medical  Journal,  December  15, 1888. 
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tion,  and  to  cause  great  expansion  of  the  chambers  of  the  heart  with  regurgi- 
tation eventually  through  the  auriculo-ventricular  valves. 

"  The  heart  itself,  however,  is  appreciably  affected  by  such  change  in  the 
blood-pressure.  Its  size  at  the  end  of  systole  is  greater  than  with  normal 
arterial  pressure — that  is,  there  is  not  so  complete  an  expulsion  of  blood  ; 
while,  at  the  same  time,  its  expansion  during  diastole  is  also  greater.  .  .  . 
The  result  is,  that  when  the  arterial  pressure  rises  the  volume  of  blood  in 
the  heart,  both  at  the  end  of  systole  and  at  the  end  of  diastole,  is  increased. 
Analogous  results  are  produced  when  the  arterial  pressure  is  raised  by  other 
methods.  In  other  words,  the  effect  of  variations  in  the  arterial  pressure  on 
the  heart  is  that  increased  resistance  produces  diminution  of  the  systolic  con- 
traction of  the  ventricles,  and  the  quantity  of  the  blood  entering  the  heart 
in  any  given  time  remaining  the  same,  this  diminished  contraction  is,  cceteris 
paribus,  necessarily  accompanied  by  increased  expansion  in  diastole. 

"  We  have  seen  that  in  the  experiments  first  referred  to  the  expansion  of 
the  heart  so  produced  leads,  if  extreme,  to  functional  incompetence  of  the 
auriculo  ventricular  valves,  an  effect  which  is  all  the  more  readily  produced 
the  more  fatigued  the  heart  is. 

"There  is  also  the  fact  that  increase  in  the  work  done,  other  things  being 
equal,  produces  diminished  completeness  of  contraction  in  systole,  and,  there- 
fore, an  increase  in  the  residual  blood  in  the  ventricle.  This  physiological 
dilatation  of  the  heart  with  increased  work  becomes,  when  excessive,  the  cause 
of  failure  of  the  organ  from  overwork,  or  overstrain,  as  it  is  generally  called ; 
in  other  words,  in  such  cases  the  heart  goes  on  contracting  and  sending  out 
all  the  blood  which  reaches  it  (excepting,  of  course,  the  residual  blood)  until 
the  moment  when,  either  from  increase  in  the  arterial  pressure,  or  from  weak- 
ness of  the  heart-muscle  resulting  from  fatigue  or  from  disease  of  its  walls, 
the  muscles  at  the  basis  of  the  ventricles  no  longer  in  systole  narrow  the  auriculo- 
ventricular  orifices  to  a  degree  which  permits  of  these  orifices  being  closed  by  their 
valves,  these  not  being  capable  of  expanding  to  the  same  extent  as  the  muscular 
substance  of  the  heart  J^ 

It  will  be  observed  that  Roy  and  Adami  interpret  the  regurgitation 
as  due  to  physiological  dilatation  of  the  sphincter  alone.  But  from 
their  experiments  it  is  not  clear  that  the  closure  of  the  valves  may  not 
also  be  hindered  by  the  dilatation  of  the  ventricular  wall,  which,  carry- 
ing the  papillary  muscles  with  it,  pulls  apart  the  valves.  Probably 
both  factors  co-operate.  Prof.  William  T.  Porter  informs  me  that  he 
has  observed  in  dogs  this  physiological  dilatation  of  the  heart  working 
against  increased  arterial  pressure  from  contraction  of  the  aorta. 

Roy  and  Adami  made  a  further  very  extended  series  of  observa- 
tions upon  the  effect  upon  the  heart  of  both  direct  and  reflex  excitation 
of  the  vagus  and  augmentor  nerves.     The  excitation  of  the  vagus, 


FACTORS    IN    DISTURBANCES    OF    THE    HEART.        421 

they  find,  among  other  things,  to  produce  substantially  the  same  effect 
as  when  the  arterial  resistance  is  increased,  namely,  a  physiological 
dilatation. 

The  consequence  of  this  dilatation  is  that  the  amount  of  blood 
expelled  at  each  beat  may  be  doubled,  trebled,  or  even  quadrupled. 
The  increase  of  the  residual  blood  may  be  so  great  that,  as  can  be 
seen  from  the  cardiometric  tracings,  the  volume  of  the  heart  at  the 
end  of  systole  may  be  greater  than  was  the  volume  of  the  organ  at 
the  end  of  diastole  before  the  vagus  nerves  had  been  excited.  Never- 
theless— and  this  seems  to  me  to  be  a  point  of  some  significance  in  its 
bearing  upon  the  capacity  of  the  sphincter  muscle  to  completely  close 
the  mitral  valve  in  conditions  of  dilatation — nevertheless,  the  ventricu- 
lar contractions  are  less  completely  made ;  there  is  less  complete  sys- 
tolic shortening  of  the  ventricular  fibres^  due  to  the  more  distended 
condition  of  the  ventricles  and  the  increased  contraction-volume.  This 
being  the  case,  the  systolic  constriction  of  the  auriculo-ventricular 
orifices  must  also  be  less  complete.  The  effect  is  the  same,  whether 
the  vagus  be  directly  stimulated  or  indirectly  by  reflex  action,  ex- 
cepting that  in  the  latter  case  an  important  element  may  ^3e  added, 
namely,  a  rise  in  the  arterial  pressure  which  still  more  tends  to  dilate 
the  heart.  Stimulation  of  the  vagus  may  further  cause  physiological 
irregularity  of  the  heart,  as  a  necessary  consequence  of  the  arrange- 
ment by  which  the  vagus  governs  the  heart. 

An  opposite  effect  is  observed  when  the  nervi  augmentores  are  ex- 
cited directly  and  alone,  for  then,  besides  an  acceleration  of  the  heart 
beat,  the  force  of  the  ventricular  contractions  is  increased  so  that  the 
ventricles  contract  more  completely  and  diminish  the  amount  of 
residual  blood,  in  spite  of  the  fact  that  the  arterial  pressure  is  raised 
at  the  same  time. 

But  when  the  augmentors,  alone  or  together  with  the  vagi,  are 
ijidirectly  excited  by  stimulation  of  a  sensory  nerve,  the  effect  upon 
the  expansion  of  the  heart  often  resembles  that  seen  in  excitation  of 
the  vagus,  for  the  rise  in  arterial  pressure  is  not  always  completely 
counterbalanced  by  the  increase  in  the  force  of  the  heart's  contraction, 
and  the  heart  becomes  expanded  in  diastole  and  systole.  In  other 
words,  the  result  is  physiological  dilatation.  It  is  obvious  that  this 
reflex  excitation  more  nearly  approximates  the  physiological  excita- 
tion which  occurs  in  the  organ,  however  great  the  divergence  may  be, 
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and  though  these  experimental  effects  may  not  exactly  express  what 
does  normally  occur,  they  demonstrate  the  possibilities. 
As  Roy  and  Adami  point  out : 

"  The  importance  of  this  want  of  accordance  between  the  increase  in  the 
force  of  the  left  ventricle  and  the  increase  in  the  work  which  it  is  called  upon 
to  do,  can  hardly,  we  think,  be  overestimated,  and  in  a  future  section  we 
will  make  such  comments  upon  it  as  appear  to  us  of  practical  interest  to  the 
physiologist  and  the  physician  ;  in  the  meantime  we  need  only  say  that  the 
physiological  dilatation  of  the  left  ventricle,  which  often  enough  shows  itself 
in  spite  of  augmentor  action  is,  in  the  hearts  of  healthy,  well-fed  animals, 
moderate  in  amount,  and  does  not  lead  to  any  diminution  of  the  output  of 
the  organ.  In  the  case,  however,  of  animals  with  weak  hearts,  this  physio- 
logical dilation  may  assume  excessive  proportions,  and  may  lead  to  failure 
of  the  auriculo- ventricular  valves  and  diminution  of  the  output  of  the  heart; 
in  other  words,  to  heart  failure  from  inability  to  meet  an  increase  of  work 
which  a  healthy,  well-fed  heart  can  bear  without  diflBculty." 

One  of  the  most  valuable  results  of  the  work  of  Roy  and  Adami 
has  been  to  show  that  the  heart  within  pure  physiological  limits  is  not 
an  organ  of  definite  size,  but  contracts  and  expands  in  accordance 
with  an  automatic  mechanism  by  which  it  adapts  itself  to  the  work  to 
be  done,  and  during  expansion  the  circular  fibres  shorten  less  than 
when  of  smaller  dimension.  It  is  a  pump,  but  a  pump  that  changes 
its  size  from  time  to  time. 

There,  is  then,  such  a  thing  as  physiological  dilatation  and  physio- 
logical incompetence.  They  represent  the  adaptation  of  the  organ  to  the 
work  to  be  done.  Pathological  dilatation  differs  from  the  physiological 
variety  only  in  degree,  and  is  a  result  of  the  same  law,  viz.,  a  dispro- 
portion between  the  work  to  be  done  and  the  power  to  do  it.  One 
may  shade  into  the  other  when  the  forces  that  produce  physiological 
dilatation  become  excessive.  It  is  then  quite  possible  that  from  purely 
physiological  variations  of  the  working  of  the  heart  we  may  have 
disturbances  of  its  functions  which  are  essentially  the  same  in  char- 
acter as  those  met  with  in  pathological  conditions,  namely,  valvular 
incompetence,  irregularity,  and  other  variations  of  rhythm. 

II.  Clinical  Conditions  of  Health  in  which  Physiological 
Dilatation  and  the  Mitral  Sphincter  are  Factors. 

While  Roy  and  Adami  were  pursuing  their  experimental  studies 
the  reader  was  engaged  in  a  series  of  observations  on  the  clinical  side, 
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but  which  in  some  respects  took  on  the  character  of  an  experimental 
study,  namely,  the  action  of  the  heart  under  intense  nervous  stimu- 
lation, as  shown  by  the  occurrence  of  murmurs/  For  some  years 
previously  I  had  noticed,  in  examining  the  applicants  for  the  Boston 
Fire  Department,  a  very  unusual,  and  to  me  then,  unaccountable  fre- 
quency of  heart  murmurs.  The  conditions  of  the  examination  were 
such  that  a  large  proportion  of  the  men  were  under  strong  emotional 
excitement.  This  was  shown  by  the  frequent  occurrence  of  violent 
heart  action,  general  nervousness,  and  tremor  of  limbs  and  voice.  A 
systematic  study  was  finally  undertaken  ;  the  heart  was  intentionally 
artificially  stimulated  as  much  as  possible  by  the  method  of  examina- 
tion. The  applicant  was  ushered  into  the  room  without  warning  of 
what  was  to  occur;  he  was  urged  to  be  quick  in  his  movements  and 
prepare  himself  as  rapidly  as  possible,  and  the  heart  was  examined 
as  the  first  event.  The  ordeal  was  made  as  exciting  as  possible,  and, 
as  a  matter  of  fact,  the  heart  in  a  large  proportion  of  cases  was  found 
to  be  working  under  intense  stimulation  and  doing — if  the  force  of 
the  heart's  beat  on  the  chest-wall  and  the  loudness  of  the  sounds  be 
criteria — an  increased  amount  of  work.  It  is  important  to  bear  this 
in  mind  in  studying  the  results. 

The  total  number  of  cases  in  the  first  series  examined  was  eighty - 
six.  Of  these  nine  were  thrown  out  on  the  ground  of  disability  from 
organic  disease,  there  being  evidence  of  an  enlargement  in  six,  and  in 
one  of  irreguhirity.  The  rejection  of  seven  of  these  I  now  think  was 
a  mistake.  However,  in  the  seventy-seven  remaining,  mitral  systolic 
murmurs  were  heard  in  twenty-five.  So  called  exocardiac  or  cardio- 
pulmonary murmurs  were  taken  into  account,  examined  for  and  ex- 
cluded. Still,  I  feel  sure  that  in  some  instances  these  were  confused 
with  endocardiac  murmurs,  and  the  total  frequency  of  murmurs  thereby 
increased.  In  a  second  series  of  eighty-five  cases  exocardiac  murmurs 
alone  were  heard  ten  times,  while  in  fourteen  cases  true  endocardiac 
murmurs  were  heard. 

To  determine  the  relation  of  these  murmurs  to  nervous  excitation, 
in  the  first  fifty-six  subjects  the  heart  was  examined  under  the  same 
conditions  as  in  the  first  series ;  in  the  last  twenty-nine  the  heart  was 
examined  last,  after  reasonable  time  had  been  given  to  the  applicant 

1  The  Occurrence  and  Mechanism  of  Physiological  Heart  Murmurs  (endocardial)  in  Healthy 
Individuals.    Medical  Record,  April  20, 1889. 
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to  become  accustomed  to  the  ordeal.  The  result  was  that  in  the  first 
fifty-six  subjects  the  mitral  systolic  murmur  was  heard  eleven  times, 
and  an  exocardiac  (cardio-pulmonary)  murmur  nine  (or  .more)  times. 
In  the  last  twenty- nine  subjects  a  true  mitral  murmur  was  heard  only 
three  times  and  an  exocardiac  murmur  once. 

In  a  third  series  (not  hitherto  published)  out  of  a  total  of  108  indi- 
viduals, and  omitting  two  cases  in  which  there  might  have  been 
organic  disease,  systolic  murmurs  at  the  apex  were  heard  in  21. 

As  corroborative  evidence  of  the  occurrence  of  these  murmurs  under 
these  conditions^  I  asked  Dr.  J.  H.  McCollom  to  note  the  number  he 
found  independently  in  his  examination  of  applicants  for  the  Police 
Department.  He  stated  that  in  a  first  series  he  found  27  mitral 
murmurs  in  200  men,  and  in  a  second  series  of  111  men,  18  such 
murmurs. 

In  a  fourth  series  of  my  own  the  conditions  of  the  examination 
were  altered  so  as  to  eliminate  all  emotional  excitement.  The  result 
was  that  only  a  so-called  pulmonic  systolic  murmur  was  heard  three 
times,  once  being  accompanied  by  a  "  mitral  systolic  of  a  temporary 
character,"  but  heard  after  forced  expiration.  Further  hundreds  of 
cases  have  been  examined  in  the  same  w^ay  since  this  time.  Only 
occasionally  in  a  nervous  individual  will  a  functional  murmur  be 
heard,  perhaps  in  1  or  2  per  cent,  of  the  cases. 

I  have  given  the  statistical  results  of  these  observations,  but  I  do 
not  wish  to  lay  any  great  emphasis  upon  the  figures  from  the  point 
of  view  of  interpretation  of  the  sounds  heard.  Only  one  who  is  in 
the  habit  of  making  examinations  of  this  kind  can  realize  the  diffi- 
culty of  always  correctly  distinguishing  between  an  exocardiac  or 
cardio-pulmonary  murmur  and  a  true  mitral  murmur.  They  some- 
times simulate  each  other  in  an  extraordinary  way.  In  some  cases 
the  short  time  given  to  interpret  the  character  of  a  murmur,  owing 
to  its  rapid  evanescence  with  the  allayment  of  nervous  excitement, 
makes  it  extremely  difficult  to  correctly  classify  it.  This  and  the 
fact  that  many  exocardiac  murmurs  in  their  physical  peculiarities 
closely  resemble  true  mitral  murmurs,  in  spite  of  all  rules  regarding 
their  differences,  make  it  certain  in  my  mind  that  some  of  these 
murmurs,  though  tabulated  as  endocardiac,  were  really  exo-cardiac. 
For  instance,  it  was  only  lately  that  I  had  the  opportunity  to 
listen  to  an  extremely  loud  systolic  murmur  at  the  apex.     It  was 
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heard  still  louder  in  the  axilla,  and  was  plainly  heard  in  the  back. 
For  this  reason  for  the  moment  I  thought  it  was  mitral,  but  I  was 
soon  able  to  make  out  that  the  pitch  and  quality  were  pulmonary, 
and  it  was  heard  to  the  left  rather  than  over  the  apex.  There  was 
another  murmur  of  different  quality  to  be  heard  at  the  apex,  but  this 
was  probably  transmitted  from  the  base,  where  there  was  a  so-called 
*' pulmonic"  systolic  miurmur.  Both  subsided  after  a  few  minutes. 
The  first  murmur  I  believe  to  have  been  cardio-pulmonary. 

I  do  not,  therefore,  lay  any  stress  upon  the  statistical  frequency  of 
this  mitral  murmur.  The  figures  I  have  given  are,  I  have  no  doubt, 
too  high.  The  important  fact  is  that,  without  reference  to  frequency, 
a  greater  or  less  number  of  murmurs  indicative  of  mitral  regurgitation 
do  occur  under  the  conditions  of  observations,  viz.,  extraordinary 
nervous  excitation  of  the  heart.  As  I  have  already  described^  at  some 
length  the  character  of  these  regurgitant  murmurs,  and  given  the  rea- 
son for  this  interpretation,  a  brief  statement  on  this  point  must  suffice. 

1.  Their  physical  characteristics,  including  location,  point  of  max- 
imum intensity  and  transmission  fulfilled  all  the  requirements  of  a 
mitral  murmur. 

2.  The  only  murmur  for  which  they  could  be  mistaken  is  the  cardio- 
pulmonary, and  in  doubtful  cases,  not  uncommonly  tw^o  distinct  sys- 
tolic apex  murmurs  could  be  heard,  one  distinctly  cardio-pulmonary  ; 
the  other  evidently  must  have  been  regurgitant. 

3.  They  were  persistent  after  forced  expiration. 

4.  In  a  large  number  of  cases,  a  systolic  murmur  of  similar  char- 
acter was  plainly  audible  in  the  second  left  intercostal  space,  either 
close  to  or  about  one  and  a  half  inch  from  the  sternum,  the  so-called 
pulmonic  murmur,  which  is  regarded  by  many  observers  (Balfour, 
Naunyn  and  others)  as  due  to  mitral  regurgitation. 

5.  They  are  sometimes  heard  at  the  junction  of  the  fourth  rib  and 
sternum  on  the  left  (^.  g.,  over  the  mitral  valve). 

6.  The  pulmonic  second  sound,  as  might  be  expected,  is  rarely  rela- 
tively or  absolutely  accentuated,  owing  undoubtedly  to  a  synchronous 
rise  of  arterial  tension  and  because  of  the  small  amount  of  mitral 
leakaije. 

In   my  first  communication   the  explanation  which  was  given  of 

1  Medical  Record,  April,  1888. 
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these  mitral  murmurs  was  that  under  strong  nervous  excitement  the 
powerful  contraction  of  the  circular  fibres  of  the  heart  so  increased 
the  pressure  within  the  cavity  of  the  ventricle^  that  the  mitral  sphincter 
is  forced^  so  to  speak — that  is,  it  is  either  dilated  or  prevented  from 
contracting  sufficiently  for  a  complete  closure  of  the  auriculo- ventric- 
ular orifice.      Thus  a  functional  regurgitation  occurs. 

This  mechanism  I  still  believe  to  be  an  important  factor  in  the 
case,  but  in  the  light  of  Roy  and  Adami's  experiments  the  question 
of  a  possible  accompanying  and  co-operative  physiological  dilatation  of 
the  heart  assumed  importance.  It,  therefore,  became  imperative  that 
these  observations  should  be  repeated  for  the  purpose  of  making  accu- 
rate measurements  of  the  size  of  the  heart. 

At  the  time  of  my  first  series  of  observations  (1888)  it  never 
occurred  to  rae,  nor  was  it  generally  known,  I  think,  that  the  healtky 
heart  might  dilate  under  conditions  of  increased  effort  (aside,  of  course, 
from  quasi-pathological  fatigue  following  excessive  muscular  exer- 
tion), so  that  when  evidence  of  enlargement  occurred  the  case  was 
thrown  out  as  possibly  organic.  Six  cases,  as  before  mentioned,  were 
rejected  for  this  reason.  This,  in  view  of  later  evidence,  I  believe  to 
have  been  an  error,  and  I  am  convinced  that  these  cases  were  merely 
examples  of  functional  dilatation.  For  in  the  first  place,  nine  cases 
out  of  eighty-six  men  is  far  too  high  a  proportion  for  heart  disease  ta 
exist  in  presumably  healthy  men  in  the  prime  of  life;  and,  second,  I 
do  not  find  anything  like  that  proportion  of  existing  organic  disease 
under  the  present  conditions  of  examination. 

The  third  series  of  observations  was,  therefore,  made  for  this  pur- 
pose. Slight  enlargement  is  not  easy  to  demonstrate.  Percussion 
is  a  very  inexact  method  when  precision  is  required,  as  has  been 
shown  by  F.  li.  Williams'  observations  with  the  radiograph.^  Per- 
cussion dulness  cannot  always  be  relied  upon  to  correspond  exactly 
with  the  outline  of  the  heart.  The  position  of  the  apex  (as  well  as 
the  apex-beat)  of  the  heart  is  sometimes  more  exact,  but  it  also  has  its 
fallacy  aside  from  tilting. 

Nevertheless,  in  this  series  I  was  able  to  satisfy  himself  of  the 
presence  of  fugitive  enlargement  to  the  left  in  quite  a  number  of  cases. 


1  The  same  thing  may  be  true  of  the  right  ventricle. 

2  Philadelphia  Medical  Journal,  January  6, 1900. 
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In  them  the  line  of  dulness  along  the  left  border  of  the  heart  extended 
through  the  nipple,  and  the  apex  beat  could  be  seen  or  felt  in  this 
same  line,  and  even  well  outside  of  it.  Sometimes  at  the  end  of  the 
examination  it  could  be  seen  that  the  apex  had  receded  to  its  normal 
territory  and  the  line  of  dulness  had  also  receded — that  is,  as  the 
excitement  subsided  the  heart  retracted.  Thus  in  about  10  per 
cent,  of  all  cases  an  enlargement  to  the  left  was  present,  sometimes 


Fig.  1. 


Fig.  2. 


Fig.  1.— No.  42  (August,  1889).   The  apex-beat  (A)  was  violent  and  occupied  a  larger  aiea 
than  usual.    In  this  and  Fig.  2  the  line  of  dulness  along  left  border  only  of  heart  is  shown. 
Fig.  2,— No.  85  (same  date).    Loud  and  low-pitched  mitral  systolic  murmur. 


without  murmurs.  (See  Figs.  1,  2,  and  3.)  Fig.  3  is  particularly 
interesting.  It  is  a  late  observation,  and  was  made  by  first  out- 
lining the  heart  on  the  chest-wall  by  percussion,  and  then  transfer- 
ring by  tracing-paper.  The  continuous  line  is  that  of  cardiac  dulness 
at  the  time  of  nervous  excitement ;  the  broken  line  the  same  after 
the  heart  had  become  quiet.  The  difference  in  the  size  of  the  heart 
is  quite  remarkable.  The  enlargement  is  to  the  right  as  well  as  to 
the  left  and  above.  The  extension  of  dulness  upward  is  interesting 
in  connection  with  the  experiments  and  observations  of  Foxwell,  who 
has  shown  that  this  feature  is  characteristic  of  the  condition  of  the 
heart  in  which  the  so-called  pulmonic  systolic  murmur  is  heard.     He 


428 


PRINCE, 


offers  experimental  evidence  to  show  that  it  is  due  to  the  dilatation 
of  the  conus  arteriosus,  and  the  murmur  to  a  distortion  of  the  pul- 
monary artery,  the  dilatation  itself  being  the  consequence  of  debility. 
In  the  case  froni  which  this  diagram  was  made  at  the  time  of  the 
enlargement  and  excitement  the  heart's  action  was  irregular,  and  a 
systolic  murmur  was  present  in  the  second  space,  heard  loudest  over 
the  left  auricle — that  is,  about  one  and  a  half  inch  from  the  sternum. 


© 
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From  tracings.  Heavy  line  =  cardiac  area  (dulness)  during  excitement;  enlargement  to 
right  as  well  as  to  left  and  upward  ;  broken  line  =  same  after  subsidence  of  excitement  same 
day  and  also  six  days  later,  x  =  apex-beat.  During  period  of  excitement,  May  19,  1900, 
heart's  action  irregular,  "pulmonic  systolic"  murmur  (in  left  auricular  area),  loud  cardio-pul- 
monary  murmur  to  left  of  apex  ;  after  cessation  of  excitement  disappearance  of  murmurs,  and 
heart  normal  in  every  way.    May  25th,  heart  still  normal. 


It  was  this  case  in  which  the  very  loud  (presumably)  cardio-pul- 
monary  murmur  (p.  424)  was  heard.  During  the  course  of  the  ex- 
amination the  heart  became  quiet  and  retracted  in  size  and  then  the 
murmurs  disappeared.  Six  days  later,  when  examined  again,  the 
heart  was  still  in  every  way  normal. 

I  have  thus  been  able  to  convince  myself  that  in  a  certain  pro- 
portion of  cases  the  presence  of  dilatation  is  of  a  temporary  nature. 
The  following  may  be  cited  as  examples  : 


No.  7  (already  mentioned).  At  first,  while  the  murmur  was  present,  the 
apex-beat  could  be  detected  outside  the  mammillary  line.  Later,  at  the  end  of 
the  examination,  the  apex  receded  inside  the  mammillary  line,  but  close  to  it. 

No.  12.  Mitral  systolic;  a  strong  apex-beat  outside  the  mammillary  line  ; 
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heart  action  rapid  and  violent.  A  loud  systolic  murmur  could  be  heard 
over  the  aortic  orifice ;  also  over  the  pulmonic.  It  may  have  been  this  mur- 
mur that  was  continued  to  the  apex.  Subject  very  nervous,  voice  tremulous. 
Later,  murmurs  disappeared,  heart  became  quiet,  and  the  apex-beat  scarcely 
visible,  and  retracted  close  to  but  within  the  mammillary  line. 

No.  14.  Heart-sounds  normal ;  apex-beat  in  the  mammillary  line;  heart's 
action  violent.     Later,  the  apex-beat  receded  inside  the  mammillary  line. 

No.  31.  A  rough  mitral  systolic  murmur  at  the  apex;  apex-beat  in  the 
sixth  space  at  the  inner  edge  of  the  mammillary  line. 

No.  37.  Mitral  systolic  murmur;  percussion  dulness  extended  on  the  left 
through  the  mammillary  line.  When  examined  some  days  later  all  these 
murmurs  had  disappeared  and  the  line  of  dulness  had  retreated  to  within 
normal  limits. 

No.  42.  At  the  beginning  of  examination,  mitral  systolic  murmur,  which 
later  disappeared.  Heart's  action  rapid  and  supernormal  in  strength ;  apex- 
beat  could  be  both  seen  and  felt  close  up  to  the  mammillary  line,  extending 
over  a  wider  area  than  normal.  The  line  of  the  percussion  dulness  extended 
also  through  the  mammillary  line. 

No.  58.  First  sound  at  the  apex  normal,  but  a  systolic  murmur  could  be 
heard  over  the  aortic  opening  and  continued  in  the  carotid.  The  apex-beat 
could  be  felt  with  the  finger  in  the  mammillary  line  and  percussion  gave  the 
left  border  of  the  heart  as  extending  through  this  line.  When  examined  a 
few  days  later  all  these  murmurs  had  disappeared  and  the  line  of  dulness  had 
retreated  to  within  normal  limits. 

In  some  instances,  as  would  be  expected,  there  were  evidences  of 
enlargement  of  the  heart  without  any  signs  of  incompetency  of  the 
valves  ;  for  example,  Nos.  14,  34,  and  36,  In  a  great  many  instances 
when  I  have  examined  these  subjects  some  days  later  under  circum- 
stances that  allayed  all  apprehension,  the  murmur  previously  heard 
had  entirely  disappeared,  as  well  as  all  signs  of  cardiac  dilatation. 
To  these  cases  I  would  also  add  the  six  instances  in  the  first  series  of 
observations,  which  were  eliminated  because  of  the  enlargement  of 
which  I  had  found  evidences,  and  because  of  which  I  had  concluded 
that  they  were  probably  of  organic  origin. 

In  the  light  of  these  findings,  then,  I  think  we  may  conclude  that 
under  intense  nervous  stimulation  of  the  heart,  presumably  tending  to 
increase  the  work  done,  there  may  occur  a  physiological  dilatation  of 
the  heart  similar  to  that  which  occurs  when  the  pressure  is  raised  by 
the  methods  employed  in  the  physiological  experimentation  already  re- 
ferred to,  and  that  the  mitral  sphincter  also  shares  in  this  physiological 
dilatation.    This  means  that  its  contraction,  that  is,  the  shortening  of 
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the  circular  fibres,  is  less  complete,  and  the  orifice  is  larger  at  the  end 
of  systole  than  normal.  In  consequence  of  this  and  of  the  increase  of 
internal  pressure,  the  contraction  of  the  sphincter  may  be  impeded, 
or  even  expanded,  by  the  hydrostatic  pressure,  and  the  valve  may 
become  incompetent  and  regurgitation  may  take  place. 

I  have  omitted  various  details  of  these  observations  for  the  sake 
of  brevity.  It  ought  to  be  noted,  however,  in  evidence  of  the  intense 
stimulation  of  the  heart  that  was  usually  present,  that  murmurs  were 
frequently  heard  over  other  regions  of  the  heart  than  at  the  apex. 
(Sir  W.  Broadbent  has  lately  pointed  out  the  frequency  of  murmurs 
over  the  various  orifices  of  the  heart  in  subjects  undergoing  civil 
service  examinations,  and  to  this  extent  has  corroborated  the  accuracy, 
of  these  observations.  He  warns  against  the  danger  of  mistaking 
them  for  evidences  of  organic  disease.)  The  heart's  action  was  usually 
increased  in  rapidity,  sometimes  to  a  very  high  degree,  and  its  action 
was  often  violent  and  tumultuous.  The  apex-beat  was  sometimes  dif- 
fused over  an  area  of  about  double  the  extent  of  that  which  is  normal. 
It  was  quite  common  to  have  all  these  signs  disappear  during  the 
course  of  the  examination,  even  while  one  was  listening,  and  to  see 
the  increased  cardiac  area  retract  within  normal  dimensions. 

In  line  with  these  observations  of  my  own  are  those  of  Dr.  John  C. 
Munro,^  who  made  an  investigation  into  the  condition  of  the  heart  in 
fifty-seven  patients  before  and  after  surgical  operations.  The  condi- 
tions before  operation  were  considered  to  be  those  of  apprehension  and 
nervousness.  Of  the  fifty-seven  cases  there  was  a  group  of  fourteen 
in  whom  there  were  evidences  of  cardiac  disturbance  before  operation, 
all  signs  of  which  disappeared  as  soon  as  the  operation  was  over.  In 
thirteen  of  these  cases  there  was  a  systolic  murmur  at  the  apex ;  in 
the  other  one,  a  presystolic  murmur.  Besides  these  there  were  six 
other  cases  which  exhibited  functional  disturbances  which  persisted 
after  the  operation,  while  eight,  it  was  thought,  had  well-marked 
organic  disease,  a  very  high  and  suspicious  percentage.  These  find- 
ings of  Dr.  Munro  seem  to  be  corroborative  of  the  observations  which 
I  have  just  recorded. 

In  1890  Theodor  Schott  demonstrated  by  examining  the  hearts 
of  strong,  healthy  men,  before  and  after  wrestling,  that  strenuous 

1  Boston  City  Hospital  Reports,  Series  VIII.,  1897. 
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exercise,  when  intense,  though  of  short  duration,  brings  about  a  tem- 
porary dilatation  of  both  sides  of  the  heart.  After  a  few  minutes' 
severe  wrestling,  continued  to  a  point  to  produce  dyspnoea,  an  enlarge- 
ment, shown  by  percussion,  was  produced  both  to  the  right  and  to  the 
left  from  one  to  two  centimetres  and  more.  This  dilatation  duly  sub- 
sided after  a  short  rest ;  it  does  not  appear,  however,  from  Schott's 
observations,  that  the  mitral  sphincter  was  physiologically  incapaci- 
tated by  this  dilatation,  for  he  failed  to  find  any  regurgitant  murmur, 
nor  is  any  mention  made  of  pulmonic  murmurs,  a  rather  striking  con- 
trast with  the  findings  of  others  after  long-continued  and  violent 
exercise  sufficient  to  produce  exhaustion.  Schott  interpreted  this 
dilatation  as  the  expression  of  an  overstrain  of  the  heart,  and  so 
stigmatized  it  with  a  pathological  soubriquet.  Overstrain  is  a 
clinical  term,  and  is  not  descriptive  of  the  physiological  or  patho- 
logical process.  It  may  mean  much  or  nothing.  From  the  fact 
that  there  was  no  evidence  of  regurgitation  it  must  be  presumed 
that  the  contraction  of  the  auriculo-ventricular  sphincters  were  still 
sufficiently  extensive  to  close  the  orifices.  From  this,  and  also  from 
the  fact  that  the  wrestling  was  only  continued  three  or  four  minutes, 
we  are  compelled  to  conclude  that  neitlier  the  internal  pressure  was 
sufficient  to  force  the  sphincters,  nor  was  there  true  fatigue  or  exces- 
sive dilatation.  A  more  correct  interpretation  would  seem  to  be  that 
the  dilatation  observed  was  simply  physiological  and  identical  with 
that  observed  in  animals  when  the  heart  is  called  upon  to  do  any  great 
increase  of  work. 

There  is  an  economy  in  this  physiological  dilatation.  According 
to  mathematical  laws,  when  the  heart  is  dilated — that  is,  when  the 
circumference  is  increased — a  smaller  amount  of  contraction  will 
suffice  to  throw  out  a  larger  volume  of  blood.  For  instance,  if  the 
heart  were  a  sphere  of  ten  inches  in  circumference  a  contraction  of 
the  circumference  of  one  inch  would  throw  out  4.5  cubic  inches  of 
blood,  while  if  it  were  only  five  inches  in  circumference  the  contrac- 
tion would  throw  out  only  a  little  over  one  cubic  inch,^  and  this  is 
what  occurs  in  physiological  dilatation.  A  greater  amount  of  blood 
is  thrown  out  at  each  systole  with  diminished  contraction.  With  a 
dilatation  of  moderate  amount  the  degree  of  contraction  is  sufficient 

1  Roy  and  Adaml. 
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to  close  the  auriculo-ventricular  orifices.  But  if  the  dilatation  is  ex- 
cessive, either  from  great  increase  in  the  work  to  be  done  or  weakening 
of  the  cardiac  muscles,  the  contraction  may  not  be  sufficient  in  extent 
to  close  the  orifice.  As  a  rule,  even  with  considerable  dilatation,  so 
long  as  the  muscle  is  not  fatigued  the  contractions  of  the  sphincter 
are  sufficient ;  but  when  fatigue  sets  in  the  contractions  become  shorter, 
the  dilatation  greater,  and  incompetency  results. 

It  is  interesting  in  this  connection  to  notice  that  Schott  found  that 
by  constricting  the  abdomen  with  a  belt,  and  thus  increasing  the 
amount  of  blood  flowing  into  the  right  ventricle,  and  thereby  the 
amount  of  work  to  be  done  by  the  heart,  the  dilatation  was  thus  further 
increased.  This  is  in  entire  corroboration  of  the  experimental  obser- 
vations on  animals  (Roy  and  Adami,  Fry  and  Krehl),  which  have 
shown  that  compression  of  the  abdominal  veins  causes  dilatation  of  the 
heart  by  increasing  the  total  output — that  is,  the  work  done.  (Therein 
is  a  practical  suggestion  as  to  the  possible  ill  eff'ects  of  tight  lacing.) 

Later,  in  1897,  in  another  and  similar  series  of  experiments,  Schott 
confirms  these  earlier  observations  by  means  of  the  skiagraph.  The 
X-ray  showed  that  the  enlargement  of  the  heart  from  side  to  side 
after  strenuous  exercise  (wrestling)  might  be  as  much  as  3  or  3 J  cm. 
He  also  demonstrated  the  same  thing  after  severe  walking  or  bicycling. 
Undoubtedly  fatigue  of  the  cardiac  muscle  enters  as  an  element  in 
this  cardiac  dilatation  when  the  enlargement  follows  persistent  and 
severe  exercise,  and  itself  is  persistent.  Very  interesting  in  this 
connection  is  the  series  of  clinical  cases  which  Schott  gives  of  per- 
sistent dilatation  of  the  heart  following  extended  muscular  exertion. 
This  enlargement  took  on  a  pathological  character,  and  more  correctly 
may  be  regarded  as  the  expression  of  overstrain  of  the  heart  or  mus- 
cular fatigue.  This  dilatation  followed  various  forms  of  muscular 
exertion,  including  bicycling,  manual  labor,  and  dancing  combined 
with  tight  lacing.  The  symptoms  were  disabling  and  those  usually 
observed  in  cardiac  incapacity. 

III.    Quasi-pathological  Conditions,  in  which  Physiological 
Dilatation  and  the  Mitral  Sphincter  are  Factors. 

In  Schott's  experiments  there  was  no  mitral  incompetency,  or  at 
least  this  was  not  revealed  by  auscultation.     It  was  otherwise  with 
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the  observations  of  Williams  and  Arnold  of  the  hearts  of  the  con- 
testants in  a  Marathon  running  race  of  twenty-five  miles.  These  are 
amongst  the  most  valuable  thus  far  recorded  to  determine  the  effect 
of  fatigue  upon  the  human  heart.  Of  the  ten  men  examined  both 
before  and  after  the  race,  seven  showed,  after  running,  a  relative  in- 
crease of  the  cardiac  dulness  extending  to  the  left.  It  is  interesting 
to  note  that  the  line  of  dulness  corresponding  to  the  left  border  of  the 
heart,  as  shown  by  the  published  diagram,  extended  through  the 
nipple  and  agreed  very  closely  with  the  same  line  which  1  found  in 
my  own  observations,  where  there  was  increase  of  the  cardiac  area,  and 
with  some  of  Schott's  cases.  In  eleven  out  of  thirteen  men,  murmurs 
were  noted.  In  all  cases  these  were  systolic,  and  the  authors,  after 
an  extended  discussion,  interpret  them  as  of  mitral  origin.  In  ex- 
planation of  this  the  authors  adopt  the  view  that  fatigue  induced  a 
dilatation  of  the  walls  of  the  heart,  including  the  mitral  sphincter. 
In  consequence  of  this  physiological  dilatation  the  auriculo-ventricular 
valves  closed  imperfectly,  and  regurgitation  was  allowed  to  take  place. 

Curiously  enough,  almost  on  the  same  day  that  Williams  and 
Arnold  presented  the  results  of  their  observations  to  the  Climatologi- 
cal  Association,  Stengel  reported  to  this  Association  a  similar  series 
of  observations  of  the  hearts  of  athletes  before  and  after  running. 
He  also  found  enlargement,  and  in  some  cases  this  enlargement  was 
accompanied  by  mitral  regurgitation.  Stengel  remarks  that  he  has 
noticed  the  ease  w^ith  which  a  systolic  murmur  developed  over  the 
hearts  of  men  in  the  early  part  of  their  training  for  the  football  field 
when  they  are  presumably  out  of  condition.  In  a  special  trial  of 
nine  of  the  candidates  he  found  that  three  promptly  developed  a  very 
distinct  murmur  of  this  kind  after  a  little  exertion.^ 

[Since  this  paper  was  presented  the  writer  had  an  opportunity  to 
take  part  in  the  examination  of  the  Marathon  runners  this  year.  For 
certain  reasons  the  examination  of  the  hearts  was  not  entirely  satis- 
factory. Murmurs  were  not  heard,  owing,  probably,  to  tardiness  in  the 
examination,  but  enlargement  was  plainly  demonstrable  in  most  cases.] 

The  interest  of  these  phenomena  lies  in  the  fact  that  they  repre- 
sent a  general  law.  The  dilatation  and  incompetency  must  be  held 
to  be  the  physiological  result  of  increased  work  done,  with  dimin- 
ished power  to  do  it.     Under  the  primary  increased  stimulation  the 

1  Transactions  of  the  Association  of  American  Physicians,  1899.  vol.  xiv. 
Am  Phys  28 
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heart  expands  and  throws  out  a  greater  volume  of  blood ;  then  the 
organ  becoming  fatigued  the  power  is  diminished,  and  thereby  the 
work  is  relatively  still  further  increased,  dilatation  increases,  and 
incompetency  finally  follows. 

These  observations  of  Stengel,  Williams,  Arnold  and  my  own  seem 
to  me  to  be  a  complete  physiological  confirmation  on  the  human  sub- 
ject of  the  experimental  work  of  Roy  and  Adami  on  the  dog's  heart. 

IV.  Pathological  Systemic  Conditions  in  which  Physiologi- 
cal Dilatation  and  the  Mitral  Sphincter  are  Factors 
IN  Determining  Cardiac  Disturbances. 

As  is  well  known,  there  are  quite  a  number  of  conditions  in  which 
temporary  mitral  systolic  murmurs  are  heard,  often  with  enlarge- 
ment. The  most  common  conditions  which  these  murmurs  accom- 
pany are  anaemia,  Bright's  disease,  gout,  arterial  sclerosis,  chorea, 
the  infectious  fevers,  like  diphtheria  and  typhoid,  and  even  rheuma- 
tism. In  some  of  these  conditions  there  is  presumably  a  weakened 
heart  muscle — e.  g.^  infectious  diseases  and  ansemia  and  other  ady- 
namic states.  In  others  there  is  an  increase  of  the  arterial  tension 
(Bright's  disease,  gout) ;  in  all  cases  enlargement  is  not  infrequently 
present.  Now,  what  I  wish  to  point  out  is  this  :  That  the  physiologi- 
cal principles  underlying  these  cardiac  disturbances  is  the  same  as  in 
the  experimental  and  other  conditions  which  I  have  already  discussed, 
and  that  the  disturbances  of  function  more  nearly  approximate  physio- 
logical than  pathological  variations. 

In  my  original  paper  I  put  forward  the  theory,  as  did  also  at 
the  same  time  Roy  and  Adami,  that  the  mitral  systolic  murmurs 
in  these  conditions  represented  physiological  regurgitation  due  to 
incomplete  contraction  of  the  mitral  sphincter,  but  to  Donald  Mac- 
Alister  is  due  the  credit  of  priority  for  this  explanation,  the  first  sug- 
gestion coming  to  him  from  Hesse's  casts.  As  Roy  and  Adami 
put  it :  '*  When  from  any  cause  the  muscular  power  of  the  heart  is 
diminished,  whether  from  imperfect  blood-supply,  fatty  degeneration, 
or  impaired  quality  of  the  blood,  or  from  any  of  the  known  causes 
by  which  the  power  of  contraction  of  the  heart  is  impaired,  we  have 
a  condition  in  which  the  relation  between  the  work  required  of  the 
organ  and  its  power  of  doing  that  work  is  aff"ected  in  an  analogous 
way  to  that  which  occurs  when  the  work  of  the  heart  is  increased 
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and  its  power  remains  constant."^  In  B right's  disease  and  gout  we 
have  an  increase  of  the  work  to  be  done  while  the  power  remains  un- 
changed ;  in  the  febrile  diseases  the  work  remains  the  same,  but  the 
power  is  diminished. 

As  all  experienced  practitioners  are  familiar  with  the  murmurs 
occurring  in  adynamic  states  it  is  not  necessary  to  describe  them  at 
any  length.  In  the  course  of  Bright's  disease  it  is  not  uncommon  to 
observe  evidences  of  temporary  regurgitation  from  the  left  ventricle. 
I  may  cite  here,  for  illustration  only  of  what  I  mean,  the  case  of  a 
patient  who  was  in  the  advanced  stages  of  chronic  Bright's  disease, 
and  also  suffered  from  attacks  of  gout  of  a  severe  nature.  The  heart 
was  very  much  enlarged,  but  no  evidence  of  mitral  incompetence,  as 
a  rule,  could  be  detected.  There  were  evidences  of  very  high  arterial 
tension.  '  Every  now  and  then  he  suffered  from  attacks  in  which 
a  very  loud  mitral  systolic  murmur  was  heard  at  the  apex.  At 
such  times  marked  oedema  and  congestion  of  the  lungs  were  notice- 
able. Later  these  signs  of  mitral  failure  would  disappear.  Such 
attacks  are  usually  called  acute  pathological  dilatation  or  heart-failure. 
The  proper  interpretation  of  cases  of  this  kind  unquestionably  is  that 
under  the  extremely  high  tension  present  there  occurs  a  physiological, 
not  pathological,  dilatation  of  the  mitral  sphincter  with  diminished 
contractions,  preventing  complete  closure  of  the  valve.  The  work  to 
be  done  becomes  augmented,  the  heart  physiologically  dilates,  but,  not 
being  strong  enough  to  meet  the  strain,  dilates  too  much  and  allows 
incompetence.  With  the  disappearance  of  the  high  tension  the  muscle 
contracts  again  and  the  incompetence  disappears. 

Diphtheria  offers  a  particularly  favorable  opportunity  to  study 
cardiac  insufficiency  due  to  weakness  of  the  muscle,  for  it  is  known 
that  the  toxin  affects  both  the  pneumogastric  nerve  (and  presumably 
the  augmenter  nerves)  and  the  muscle  substance.  It  is,  then,  a  good 
type  of  that  class  of  affections  in  which  the  auriculo-ventricular 
sphincters  are  weakened,  and  as  such  I  speak  of  it.  First-rate  data 
for  such  a  study  are  furnished  by  the  reports  and  observations  of  the 
many  hundred  cases  in  the  Boston  City  Hospital,  made  by  McCollom^ 

1  "  Failure  of  the  Heart  from  Overstrain."  Iq  other  words,  the  mechanico-physiological 
effect  is  the  same,  whether  the  power  remains  constant  and  the  work  is  increased,  or  the  work 
remains  constant  and  the  power  is  diminished. 

2  A  Clinical  Study  of  Eight  Hundred  Cases  of  Diphtheria  at  the  South  Department  of  the 
Boston  City  Hospital.    Boston  City  Hospital  Reports,  1898,  Ninth  Series. 
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and  Hibbard.^  From  a  study  of  two  series  of  cases  (one,  800,  and  the 
other  252  in  number)  Hibbard  found  that  "  a  systolic  murmur  at  the 
apex  with  an  accentuated  pulmonic  second  sound,  and  often  with  some 
enlargement  of  the  cardiac  dulness  is  seen  in  about  10  per  cent,  of  the 
diphtheria  cases  during  the  course  of  the  disease."  This  murmur  is 
temporary,  for  in  twenty-four  cases  kept  continuously  under  observa- 
tion, it  disappeared  within  three  weeks  in  twenty-one  cases  and  within 
eight  weeks  in  the  remaining  three.  The  enlargement  was  found  to 
extend  in  some  cases  in  children  as  much  as  two  centimetres  outside 
the  normal  limit.  Out  of  121  fatal  cases  McCollom  noted  a  mitral 
systolic  murmur  in  eighteen  cases,  or  nearly  15  per  cent.,  and  of  theae 
eighteen  an  enlargement  was  detected  in  six.  In  only  one  was  there 
an  enlargement  without  a  murmur.  An  analysis  of  the  cases  which 
were  fatal,  chiefly  from  heart  complications,  and  in  which  an  autopsy 
was  held(twelve  in  number),  is  instructive.  Of  these  twelve  a  mitral 
systolic  murmur  was  heard  in  seven.  The  auriculo-ventricular  valves 
were  found  dilated  after  death  in  three,  one  or  both  ventricles  dilated 
in  five,  and  the  heart  enlarged  by  weight  in  eleven^  It  must  not  be 
forgotten  that  the  absence  of  dilatation  either  of  the  openings  or  the 
cavities  after  death  is  not  evi'dence  that  it  did  not  exist  during  life,  as 
it  is  well  known  that  after  death  the  cardiac  muscle  contracts  strongly 
(King,  Sibson,  and  others). 

A  sufficient  cause  for  the  muscular  weakness  is  found  in  the  known 
action  of  the  diphtheritic  poison  on  the  nerves  of  the  myocardium. 
Thus  of  five  cases  of  mitral  insufficiency  the  pneumogastric  nerve  was 
found  diseased  in  all.^  It  is  an  instructive  fact,  and  one  demonstrat- 
ing that  marked  dilatation  is  not  essential  for  physiological  regurgi- 
tation, that  out  of  the  eighteen  mitral  systolic  murmurs  McCollom 
reports  that  no  enlargement  of  the  cardiac  area  could  be  detected  in 
twelve.  This  properly  interpreted  means  that  the  mitral  sphincter 
may  not  sufficiently  contract^  even  though  the  dilatation  is  not  suffi- 
cient to  he  detected  hy  the  usual  methods  of  physical  diagnosis. 

In  view  of  the  post-mortem  findings,  the  mitral  murmurs  in  this 
class  of  cases  unquestionably  represent  regurgitation.     In  those  cases 

1  Heart  Complication  in  Diphtheria.    Ibid. 

2  The  cause  of  increased  weight  was  not  determined. 

3  In  every  case  (9)  where  the  nerve  was  examined  it  was  diseased.    In  some  the  myocardium 
also  was  degenerated. 
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where  regurgitation  occurs  without  the  coexistence  of  dilatation  the 
only  intelligible  conception  of  the  conditions  present  is  that  the  mitral 
sphincter  is  so  weakened  by  disease  that  it  does  not  sufficiently  con- 
tract aorainst  even  a  normal  or  subnormal  arterial  tension. 

o 

In  other  cases  when  there  is  dilatation  there  does  not  seem  to  be 
any  reason  to  suppose  that  the  etiological  principle  is  not  physiologi- 
cal rather  than  pathological,  or  that  it  differs  in  any  way  from  that 
which  has  been  experimentally  demonstrated  to  obtain  in  healthy 
animals.  The  work  to  be  done  by  the  heart  is  relatively  increased — 
that  is  to  say,  the  work  remains  the  same,  but  the  power  is  diminished ; 
hence,  the  heart  is  called  upon  for  increased  effort,  and  physiological 
dilatation  results.  This  dilatation  again  increases  the  difficulty  of  the 
auriculo-ventricular  sphincter.^  Thus  it  is  that  the  muscular  ineffi- 
ciency of  the  heart  calls  into  play  the  physiological  law  of  increased 
work.  In  other  systemic  conditions,  like  arterio-sclerosis,  as  I  have 
said,  there  is  no  weakness  of  the  cardiac  sphincter,  but  an  excessive 
increase  of  the  work  to  be  done  (increased  arterial  tension). 

V.   Pathological  Conditions  OF  the  Heart  in  which  Physio- 
logical Dilatation  and  the  Mitral  Sphincters 
ARE  Factors  in  Determining   Disturb- 
ances of  the  Organ. 

Space  will  not  allow  me  to  more  than  allude  to  some  of  the  pertur- 
bations which  complicate  the  phenomena  of  cardiac  disease  and  which 
are  occasioned  by  these  physiological  factors. 

If  these  factors,  dilatation  and  sphincter  action,  are  physiological 
laws,  they  must  be  universal  in  their  action,  and  affect  diseased  as 
well  as  normal  hearts.  And  hence  it  well  may  be  that,  looked  at 
from  this  point  of  view,  some  of  the  commonly  observed  manifesta- 
tions of  heart  disease  may  really  be  physiological  in  principle,  exag- 
gerated perhaps  by  the  fact  of  the  organ  being  incapacitated. 

From  the  point  of  view  of  practical  therapeutics  this  distinction  at 
once  becomes  important.  The  conditions  of  "overstrain"  of  the 
heart,  with  relatively  persistent  dilatation  and  mitral  incompetency, 

1  In  extreme  cases,  when  the  dilatation  is  excessive,  the  mitral  incompetency  may  be  caused 
or  increased  by  the  bulging  of  the  walls,  which,  carrying  away  the  chordae  tendinaj,  prevents 
the  valve  flaps  from  coming  into  apposition.    In  most  cases  the  dilatation  is  too  slight  for  this. 
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"fatigued  heart,"  "curable  mitral  regurgitation'^  and  acute  dilata- 
tion, I  need  not  more  than  allude  to,  as  they  have  already  been  dis- 
cussed (Section  II).  They  are  substantially  one  and  the  same  con- 
dition, originating  in  and  growing  out  of  physiological  dilatation  from 
increased  work.  It  may  be  that  the  difference  between  the  physio- 
logical and  the  pathological  is  only  one  of  degree.  The  tremendous 
strain  sometimes  put  upon  the  heart  induces  necessarily  a  dilatation. 
To  this  "fatigue,"  as  yet  an  incompletely  known  condition,  becomes 
added  and  the  dilatation  becomes  persistent. 

The  mitral  sphincter  necessarily  shares  in  the  inefficiency.  When 
we  bear  in  mind  that  by  simply  increasing  the  work  the  volume  of  the 
healthy  heart  may  be  so  increased  that  its  size  at  the  end  of  systole 
may  be  even  greater  than  it  was  before  at  the  end  of  diastole,  and 
that  the  volume  of  blood  thrown  out  may  be  quadrupled,  we  can  ap- 
preciate the  dilatation  that  may  be  affected  by  the  enormous  exertion 
to  which  the  heart  is  sometimes  subjected  and  yet  be  physiological. 
Add  to  this  "  fatigue  "  and  loss  of  muscular  tone,  and  the  effect  of  the 
law  is  apparent.  It  was  only  lately  that  I  was  called  to  pass  upon 
the  condition  of  a  man  who  had  undergone  great  muscular  exertion 
and  had  fallen  down  unconscious.  On  recovery  he  had  developed 
persistent  symptoms  of  cardiac  disease,  with  dilatation  (dizziness,  pain, 
palpitation,  cyanosis  on  exertion,  etc.).  He  had  been  examined  by 
several  competent  physicians,  all  of  whom,  I  am  told  by  the  attending 
physician,  diagnosed  the  case  as  "  myocarditis."  The  subsequent 
history  bears  out  the  opinion  that  it  was  one  simply  of  physiological 
dilatation  and  overstrain. 

In  fatty  degeneration  and  other  degenerative  diseases  of  the  heart 
the  weakening  of  the  myocardium  tends  to  weaken  the  sphincter  and 
make  the  heart  dilatable  under  very  slight  exertion. 

In  valvular  disease,  especially  in  aortic  stenosis,  the  increased  work 
which  the  heart  is  called  upon  to  perform  tends  to  increase  the  nor- 
mal dilatations  which  occur  from  time  to  time  and  to  make  less  com- 
plete the  action  of  the  sphincters.  In  this  way  it  seems  to  me  are 
to  be  explained  many  of  the  acute  dilatations  and  temporary  mitral 
regurgitations  which  occur  in  the  course  of  aortic  disease.  The  in- 
crease of  power  coming  from  hypertrophy  has  the  tendency  to  keep 
the  dilatation  within  physiological  limits,  but  sooner  or  later  this  com- 
pensation becomes  inefficient. 
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The  further  application  of  these  principles  is  readily  made,  and 
need  not  be  further  discussed. 

All  the  observations  to  which  I  have  referred  in  Sections  I.  and  II. 
are  particularly  instructive  as  pointing  to  the  very  large  variation 
that  may  take  place  in  the  size  of  the  heart  of  the  human  being  under 
actual  conditions  of  life,  and  be  within  physiological  limits.  They 
render  comprehensible  that  within  physiological  limits  the  mitral 
valve  may  fail  to  do  its  share  in  the  closure  of  the  mitral  orifice. 
They  contribute  to  what  might  be  regarded  as  the  modern  conception 
of  the  heart's  workings  and  of  a  certain  class  of  cases  of  mitral  insuffi- 
ciency which  formerly  were  regarded  as  purely  pathological,  but  now 
are  recognized  to  be  due  to  muscular  weakness,  and  curable.  The 
experiments  on  animals  enable  us  to  understand  the  modus  operandi 
of  the  Nauheim  treatment,  for  it  has  been  experimentally  shown  that 
excitation  of  the  peripheral  nerves  may  reflexly  stimulate  the  aug- 
menter  nerves  of  the  heart,  and  through  them  increase  the  force  of 
the  contractions  and  the  completeness  of  the  systole,  and  diminish  the 
quantity  of  residual  blood — i.  e.,  diminish  the  size  of  the  heart.^ 

A  distinct  recognition  of  physiological  dilatation  and  physiological 
incompetency  of  the  valves,  apart  from  the  pathological  varieties,  is 
of  the  utmost  clinical  importance  aside  from  the  advantages  of  preci- 
sion of  thought  and  precision  of  knowledge. 

I  feel  quite  certain  that  a  clear  understanding  of  these  principles 
will  help  us  enormously  to  a  true  conception  of  cardiac  phenomena, 
whether  accompanying  organic  disease  or  not.  In  any  given  case 
our  first  question  should  be :  are  the  conditions  (murmurs,  dilatations, 
irregularity)  in  part  or  wholly  physiological,  and,  therefore,  in  part 
or  wholly,  temporary  or  permanent,  curable  or  incurable?  Upon  the 
answer  will  largely  depend  both  the  immediate  treatment  and  the 
rules  for  prophylaxis. 

1  Roy  and  Adami. 
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A^ENOUS  THROMBOSIS  IN  CARDIAC  DISEASED 


By  WILLIAM  H.  WELCH,  M  D., 

OF  BALTIMORE. 


One  of  the  most  interesting  points  of  view  from  which  to  consider 
the  subject  of  thrombosis  is  that  of  its  association  with  different  dis- 
eases. The  study  of  such  association  not  only  is  of  clinical  interest, 
but  is  capable  of  contributing  to  our  knowledge  of  the  causation  of 
thrombosis,  which  in  many  respects  is  still  obscure.  Infectious  and 
chronic  wasting  diseases  are  those  most  frequently  complicated  or 
followed  by  vascular  thrombosis  of  medical,  as  distinguished  from 
surgical,  interest ;  typhoid  fever  and  influenza  heading  the  list  among 
the  former,  and  tuberculosis  and  cancer  among  the  latter.  There  are, 
however,  a  number  of  other  diseases  with  which  peripheral  tlirom- 
bosis  may  be  associated  more  or  less  frequently,  and  to  one  of  these 
less  generally  recognized  associations  I  wish  to  call  attention  in  this 
paper. 

Although  there  are  scattered  reports  of  a  number  of  instances  of 
the  occurrence  of  venous  thrombosis  in  diseases  of  the  heart,  I  cannot 
find  that  particular  attention  has  been  called  to  this  complication 
either  in  text  books  on  these  diseases  or  in  special  monographs.  This 
is  doubtless  attributable  mainly  to  the  infrequency  of  the  complica- 
tion, perhaps  also  in  part  to  a  failure  to  recognize  it.  By  far  the 
largest  number  of  cases  have  been  reported  by  French  physicians. 

As  will  appear  from  the  following  reports  of  cases,  there  are  certain, 
peculiarities  of  the  venous  thrombosis  of  heart  disease  which  render 
this  subject  well  worthy  of  investigation.  For  the  clinical  histories 
of  the  cases  from  the  Johns  Hopkins  Hospital  I  am  indebted  to  my 
colleague.  Dr.  Osier. 

1  After  its  presentation  before  the  Association  of  American  Physicians,  this  paper  was  pub- 
lished also  in  the  "  Festschrift"  in  honor  of  Abraham  Jacobi,  M.D.,  LL  D.,  New  York,  1900. 
I  have  added  to  the  article  in  its  present  form  Case  V.,  which  has  necessitated  changes  in  the 
statistical  figures. 
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Case  I.  Aortic  and  initral  insufficiency.  Adherent  pericardhim.  Broken 
compensation  Thrombosis  of  left  innominate^  jugular,  subclavian,  and  axillary 
veins.  Death. — R.  H  ,  negress,  aged  seventeen  years,  admitted  No veuober  26, 
1898,  died  January  16,  1899.  Nothing  of  importance  in  family  history  or  in 
personal  history,  until  the  occurrence,  six  years  ago,  of  a  severe  attack  of 
inflammatory  rheumatism,  with  swelling  and  tenderness  of  most  of  the  joints. 
Since  then  she  has  not  been  strong  and  has  had  at  times  rheumatic  pains. 
In  January,  1898,  occurred  a  second  attack  of  articular  rheumatism,  since 
which  she  has  suffered  from  shortness  of  breath  on  exertion,  palpitation,  pain 
in  the  region  of  the  heart,  and  some  cough.  These  symptoms  became  aggra- 
vated during  the  last  two  months. 

Upon  admission,  patient,  who  is  well  nourished,  is  suffering  from  respira- 
tory distress.  No  oedema  of  extremities.  Pulse  112,  somewhat  irregular,  with 
fair  volume  and  tension.  Respirations  40.  Temperature  99.5°  F.  Large  veins 
of  neck  full  and  pulsating.  Marked  bulging  of  prse^ordium,  and  heaving 
impulse  over  heart,  especially  distinct  below  and  outside  of  left  nipple. 
Marked  pulsation  in  episternal  notch.  Point  of  maximum  intensity  in  sixth 
left  interspace,  12  cm.  from  midsternal  line.  Relative  cardiac  dulness  begins 
above  in  left  first  intercostal  space.  Systolic  thrill  at  apex,  where  on  aus- 
cultation are  heard  intense  musical  systolic  and  rasping  diastolic  murmurs 
transmitted  into  axilla.  In  the  aortic  area  both  sounds  are  replaced  by  a 
loud  to-and-fro  murmur,  the  diastolic  portion  being  especially  rough.  Second 
pulmonic  sound  intensely  accentuated.  Heart's  action  irregular  and  violent. 
Capillary  pulse  visible. 

At  apex  of  right  lung,  slight  expansion,  dulness,  prolonged,  almost  tubular 
expiration.  A  few  medium  sized  moist  rales  at  base  of  lungs.  No  tubercle 
bacilli  in  sputum. 

Liver  somewhat  enlarged.  Urine  albuminous,  with  hyaline  and  granular 
casts.  Blood  count:  red  corpuscles,  4,524,000;  leucocytes,  12,400;  haemo- 
globin, 65  per  cent. 

Patient  improved  somewhat  after  admission,  but  her  general  condition 
continued  much  the  same.  The  pulse  at  times  was  very  intermittent,  and 
there  was  much  tenderness  over  the  prsecordial  area.  The  temperature  varied 
from  normal  to  101°  F. 

January  14th.  For  the  first  time  oedema  of  the  left  arm  is  noticed,  most 
marked  around  the  elbow-joint.  The  right  arm  is  free  from  swelling.  The 
face  and  legs  are  moderately  oedematous.  Complains  of  severe  headache. 
Pulse  120,  irregular  and  weak. 

16th.  Qj^dema  of  left  arm,  which  is  painful,  has  increased.  Temperature 
100.5°  F.  Pulse  very  intermittent.  Death  occurred  rather  suddenly  at 
6.30  P.M. 

Autopsy  by  Dr.  MacCallum,  fourteen  hours  after  death.  Body  of  a  girl, 
rather  slenderly  built,  162  cm.  long.  Moderate,  oedema  of  ankles  and  feet. 
Extensive  oedema  of  left  arm,  especially  about  the  elbow,  the  hand  being 
but  little  swollen.  No  oedema  of  right  arm  and  no  definite  swelling  of  face 
or  neck. 
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About  200  c.c.  clear  yellowish  fluid  in  peritoneal  cavity.  Surfaces  smooth 
and  glistening.  Praecordial  space  greatly  enlarged,  measuring  16  cm,  trans- 
versely and  10  cm.  vertically.  Firm  adhesions  between  parietal  pericardium 
and  the  pleura,  diaphragm,  and  other  surrounding  tissues.  Left  pleural 
cavity  contains  over  300  c.c.  slightly  turbid,  yellowish  fluid,  the  left  lung 
being  much  compressed  by  this  and  the  enlarged  heart.  There  are  many 
easily  torn  pleural  adhesions.  The  right  pleural  cavity  contains  a  small 
amount  of  fluid  and  presents  a  few  light  adhesions. 

The  pericardial  sac  is  obliterated  by  fibrous  adhesions.  The  heart  weighs 
720  grammes,  and  gives  the  following  measurements :  right  ventricle  8  cm. 
long,  its  wall  6  mm.  thick;  left  ventricle  9 J  cm.  long,  its  wall  16  mm.  thick; 
tricuspid  orifice  lOJ  cm.,  mitral  10  cm.,  aortic  7  cm.  All  of  the  cavities 
much  dilated.  Left  auricle  greatly  dilated,  reaching  nearly  to  first  rib. 
Tricuspid  and  pulmonic  valves  delicate.  Mitral  orifice  very  wide  ;  valvular 
segments,  particularly  the  posterior,  thickened  and  retracted.  Aortic  valvu- 
lar segments  much  thickened,  stiff,  and  curled  at  their  edges,  so  as  to  be 
markedly  shortened.  No  fresh  vegetations.  Coronary  arteries  patent  and 
free  from  sclerosis.  The  aorta  shows  yellow  streaks  of  fatty  degeneration  of 
the  intima,  and  a  few  small  elevated  patches  of  fresh  sclerosis. 

The  left  innominate  vein,  the  left  internal  and  external  jugular  veins,  the 
left  subclavian  and  axillary  veins  are  occluded  by  a  continuous  fresh  throm- 
bus mass.  The  prevailing  color  of  the  thrombus  is  dark  reddish.  The  part 
occupying  the  innominate  just  before  the  reception  of  the  jugular  vein  and 
that  filling  the  well-developed  bulb  of  the  internal  jugular  vein  is  gray  or 
grayish-red,  firmer  and  more  adherent  to  the  wall,  therefore  older,  than  the 
dark-red,  softer  clot  in  the  distal  portions.  The  thrombus  in  the  jugulars 
stops  somewhat  below  the  level  of  the  larynx.  The  brachial  and  other 
veins  of  the  arm  are  free  from  thrombus.  The  tissues  around  the  thrombosed 
veins  are  oedematous,  and  freshly  swollen  lymphatic  glands  are  present  in 
their  neighborhood.  The  corresponding  veins  of  the  right  side  are  free  from 
thrombus. 

The  lungs  are  dry,  tough,  and  of  a  salmon-pink  color,  evidently  the  seat 
of  chronic  passive  congestion.  The  bronchi  contain  blood-stained  mucus. 
No  areas  of  fresh  consolidation.     Pulmonic  vessels  free  from  thrombi. 

The  liver  is  moderately  enlarged,  and  presents  typical  nutmeg  mottling. 
Spleen  also  enlarged,  firm,  dark  red,  slightly  adherent  to  surrounding  tis- 
sues;  Malpighian  bodies  distinct.  Kidneys  swollen,  congested,  the  seat  of 
chronic  passive  congestion.  Gastric  and  intestinal  mucosae  deeply  congested, 
the  solitary  follicles  swollen.     No  important  changes  in  other  organs. 

Microscopical  Examination.  The  swollen  lymph  glands  show  marked 
proliferation  of  the  endothehal  cells.  The  heart  muscle  is  slightly  fatty,  and 
shows  scattered  focal  accumulations  of  small  round  cells,  mainly  of  the 
lymphoid  type.  The  kidneys  show  passive  congestion  and  parenchymatous 
degenerations,  without  increase  of  the  connective  tissue.  The  lungs  present 
the  usual  evidences  of  chronic  passive  congestion  of  moderate  degree. 

Sections  of  the  thrombosed  veins  show  that  the  grayish-red  part  of  the 
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thrombus  is  composed  of  platelets,  fibrin,  and  leucocytes  with  entangled  red 
corpuscles.  A  coral-like  arrangement  of  the  platelet  masses  is  indicated, 
but  is  not  very  distinct.  Leucocytes  are  fairly  numerous.  There  are  no 
evidences  of  organization.  The  intima  and  outer  coats  contain  a  few  leuco- 
cytes, and  the  intima  is  somewhat  swollen,  but  there  are  no  signs  of  sclerosis 
or  other  chronic  affection  of  the  veins.  The  redder  parts  of  the  thrombus 
are  richer  in  red  corpuscles,  but  here  also  islands  and  bands  of  platelets  and 
fibrillated  fibrin  are  present.  A  few  chains  of  streptococci  are  detected  in 
sections  stained  by  Gram's  method. 

Bacteriological  Examination  (Dr.  Harris).  Plate  cultures  on  agar  made 
with  all  necessary  precautions  from  the  thrombi  in  the  jugular  veins  showed 
a  considerable  number  of  small,  grayish  colonies,  which  were  demonstrated 
to  be  of  Streptococcus  pyogenes.  No  other  organism  appeared  in  the  cultures. 
Streptococcus  pyogenes  was  cultivated  also  from  the  lungs.  Cultures  from 
the  heart's  blood,  oedematous  tissue  in  left  axilla,  the  spleen  and  other 
organs  were  sterile. 

The  principal  points  of  interest  in  the  preceding  case  are  the  fol- 
lowing :  A  girl,  seventeen  years  old,  with  chronic  aortic  and  mitral 
endocarditis  following  acute  articular  rheumatism,  and  giving  rise  to 
insufficiency  of  both  valves,  with  relative  insufficiency  of  the  tricuspid 
valve,  suffered  from  the  effects  of  broken  compensation.  During  the 
last  days  of  life  painful  oedema  of  the  left  arm  made  its  appearance, 
without  implication  of  the  right  arm.  At  the  autopsy,  in  addition 
to  the  advanced  cardiac  lesions  and  their  customary  secondary  effects, 
an  infectious  thrombus  was  found  filling  the  innominate,  subclavian, 
axillary,  and  lower  parts  of  the  jugular  vein  on  the  left  side.  The 
oldest  part  of  the  thrombus  occupied  the  lower  bulb  of  the  internal 
jugular  vein  and  the  adjacent  part  of  the  innominate  vein.  The 
micro-organism  concerned  was  Streptococcus  pyogenes,  which  was 
present  in  the  lungs  and  the  thrombus,  but  was  not  found  elsewhere. 

The  three  following  cases  are  also  from  Dr.  Osier's  service  in  the 
Johns  Hopkins  Hospital : 

Case  1 1.  Mitral  stenosis.  Thrombosis  of  left  jugular,  axillary,  subclavian, 
and  innominate  veins.  Embolism  of  le  7  popliteal  artery.  Recovery  from  effects 
of  vascular  occlusion. — E.  0.,  female,  aged  thirty-five  years,  admitted  January 
4,  1899.  History  of  rheumatism  in  family.  Diphtheria  at  ten,  chorea  at 
eleven  years  of  age,  accompanied  by  paralysis  of  the  right  side.  Since  these 
attacks  patient  has  not  been  strong.  No  history  of  scarlet  fever,  pneumonia, 
nor  typhoid  fever.  Obscure  history  of  repeated  attacks  of  "  rheumatism  " 
without  definite  articular  symptoms.  Patient  has  suffered  for  years  from 
shortness  of  breath  on  exertion,  indigestion,  nervousness,  and  chronic  in- 
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validism.  For  three  weeks  before  admission  has  been  in  bed  with  epigastric 
pain  and  digestive  disturbances. 

Upon  admission  patient  is  very  nervous.  The  point  of  maximum  inten- 
sity of  cardiac  impulse  cannot  be  detected  by  palpation  or  inspection,  but  by 
the  stethoscope  is  located  in  the  fifth  intercostal  space,  10  cm.  from  median 
line.  Area  of  cardiac  dulness  not  much  increased.  Very  distinct  thrill  can 
be  felt  at  the  apex,  where  is  heard  a  rough,  intense,  presystolic  murmur  ter- 
minating in  a  short,  sharp  first  sound.  No  second  sound  is  heard  at  the 
apex.  Over  the  body  of  the  heart  the  valvular  sounds  are  distinct  and  snap- 
ping. The  second  pulmonic  sound  is  markedly  accentuated.  Pulse  144, 
small,  irregular  both  in  force  and  rhythm.  Respiration  30.  Temperature 
99°  F. 

Medium- sized  moist  rales  are  heard  behind,  over  the  lower  parts  of  both 
lungs,  where  there  is  also  some  impairment  of  resonance. 

The  absolute  hepatic  dulness  extends  from  the  seventh  rib  to  a  point  5^ 
cm.  below  the  costal  margin  in  the  mammary  line.  The  border  of  the  liver 
can  be  distinctly  felt.  There  is  fairly  distinct  pulsation  of  the  liver.  The 
epigastric  and  right  hypochondriac  regions  are  somewhat  tender  to  pressure. 

There  is  slight  oedema  of  both  ankles.  Urine,  sp.  gr.  1017,  contains  a 
small  amount  of  albumin  and  hyaline  and  granular  casts. 

January  12th.     The  left  ankle  joint  is  swollen,  red,  and  tender. 

19th.  The  left  side  of  the  neck  is  swollen,  and  painful  upon  pressure  or 
movement.     Temperature  100°.     jPulse  124.     Respiration  32. 

20th.  The  fulness  and  tenderness  of  the  left  side  of  the  neck  have  in- 
creased, and  a  sensitive,  cord-like  body  can  be  felt  in  the  course  of  the 
internal  jugular  vein  in  its  lower  part,  indicative  of  thrombosis.  The  pain 
and  swelling  of  the  left  ankle-joint  have  disappeared.  There  are  evidences 
of  partial  consolidation  of  the  right  lung  below  and  behind.  Moist  rales 
are  heard  also  at  the  angle  of  the  left  scapula.     Patient  is  flighty. 

26th.  Today  appeared  an  oedematous  swelling  of  the  left  arm,  extending 
to  the  hand.  The  left  arm  measures  2  cm.  more  than  the  right  just  above 
the  wrist. 

27th.  The  oedematous,  painful  swelling  is  now  very  marked,  and  occupies 
the  whole  of  the  left  side  of  the  neck,  the  pectoral  region  on  the  left  side, 
the  left  shoulder,  and  the  left  arm  to  the  hand.  The  oedema  has  a  brawny, 
indurated  character,  but  there  is  pitting  on  pressure.  There  is  no  marked 
difference  in  the  superficial  temperature  of  the  two  arms.  The  superficial 
veins  of  the  arm  and  neck  are  distended.  On  account  of  the  oedema  the 
deeper  veins  cannot  be  distinctly  palpated.  Temperature  101°.  Pulse  112. 
Respiration  40. 

Slst.     The  swelling  of  the  left  arm  is  less  ;  that  of  the  neck  continues. 

February  9th.  A  cord-like  swelling  of  the  left  external  jugular  vein  can  be 
traced  up  to  the  angle  of  the  jaw.     The  axillary  vein  is  likewise  thrombosed. 

26th.  The  hard  oedema  of  the  left  arm  and  neck  has  continued,  at  times 
lessening  and  then  returning.     There  is  oedema  of  both  lower  extremities. 
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March  \Qth.  Pain  in  the  left  side  and  a  marked  pleuritic  friction  rub  on 
auscultation. 

Soon  after  this  date  the  general  condition  of  the  patient  improved,  and 
the  oedema  of  the  arm  and  neck  gradually  disappeared  through  the  estab- 
lishment of  a  collateral  circulation. 

On  November  24th  embolism  of  the  left  popliteal  artery  occurred,  charac- 
terized by  loss  of  pulsation  in  left  popliteal  and  tibial  arteries,  sudden  pain, 
numbness,  cyanosis,  and  coldness  of  the  left  foot  and  leg.  The  history  of 
this  embolic  attack  need  not  be  given  in  detail.  Suffice  it  to  say  that  a  col- 
lateral circulation  was  completely  re-established.  The  patient  is  still  in  the 
hospital. 

The  dingnosis  made  by  Dr.  Osier  in  this  case  was  mitral  stenosis 
with  thrombosis  of  the  left  innominate,  left  internal  and  external  jugu- 
lars, left  subclavian,  and  left  axillary  veins.  The  location,  extent, 
and  persistence  of  the  hard,  painful  oedema,  lasting  for  nearly  three 
months,  make  probable  the  existence  of  thrombosis  of  the  left  innom- 
inate and  subclavian  veins,  while  that  of  the  jugulars  and  axillary  vein 
was  definitely  recognized.  The  history  indicates  that  the  thrombosis 
started  in  the  lower  part  of  the  internal  jugular  vein.  It  is  to  be 
noted  that  the  onset  of  the  thrombosis  was  preceded  for  a  few  days  by 
a  red,  painful  swelling  of  the  left  ankle-joint,  and  was  accompanied  by 
evidences  of  acute  pneumonia  and  by  elevation  of  temperature,  also 
that  during  its  course  acute  pleurisy  appeared.  There  is,  therefore, 
much  probability  in  the  supposition  that  the  thrombus  in  this  case,  as 
in  the  preceding,  was  of  infectious  nature. 

Case  III.  Mitral  and  aortic  insufficiency;  general  anasarca;  thrombosis  of  the 
left  axillary  and  brachial  veins.  Death. — H.  M.,  male,  aged  sixteen  years,  ad- 
mitted February  24,  1900;  died  March  8th.  No  history  of  infectious  disease 
except  pneumonia  at  seven  years  of  age.  Present  illness  began  in  August, 
1899,  with  vomiting  and  indigestion.  Says  that  he  had  rheumatism  in  Sep- 
tember, but  no  definite  history  of  aflfection  of  joints  was  obtained.  Repeated 
attacks  of  gastric  pain  and  vomiting  during  the  autumn.  In  January,  feet, 
legs,  and  abdomen  became  swollen,  and  he  was  confined  to  bed.  The  dropsy 
increased,  and  a  week  ago  the  face  and  hands  began  to  swell.  Continued 
shortness  of  breath  ;  digestive  disturbance  continued. 

Examination  on  Admission.  Patient  is  propped  up  in  bed ;  respiration  32, 
somewhat  labored,  and  irregular.  Cyanosis  of  face  and  extremities ;  a^dema 
of  face,  thorax,  upper  and  lower  extremities,  penis,  and  scrotum ;  marked 
oedema  of  left  forearm  and  hands;  ascites.  Pulse  124,  regular  in  force  and 
rhythm,  fair  volume,  low  tension,  hyperdicrotic ;  pulsation  of  cervical  veins- 
Distinct  prsecordial  bulging  and  general  heaving  in  this  region.   Apex-beat 
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in  fifth  interspace  11  cm.  to  left  of  median  line;  area  of  cardiac  dulness  in- 
creased, extending  1  cm.  to  right  of  sternum  and  upward  to  left  second  rib. 
At  apex  first  sound  replaced  by  loud  systolic  murmur  heard  far  out  in  axilla  ; 
second  sound  faint.  In  aortic  area  both  sounds  enfeebled,  the  second  sound 
being  accompanied  by  a  faint  diastolic  murmur  traceable  down  along  right 
border  of  sternum  ;  second  pulmonic  sound  distinctly  accentuated. 

Physical  signs  of  a  moderate  amount  of  fluid  in  left  pleural  cavity  are 
present,  also  some  dulness  and  impairment  of  respiratory  and  vocal  sounds  on 
right  side  below  and  behind,  with  a  few  fine  moist  rales. 

Absolute  hepatic  dulness  begins  at  sixth  rib  and  is  continuous  with  the 
abdominal  flatness  due  to  ascites,  which  is  marked. 

The  (Dedema  of  the  left  arm  and  hand  is  so  much  greater  than  that  of  the 
right  arm  that  thrombosis  was  suspected.  Upon  palpation  the  left  axillary 
and  brachial  veins  can  be  distinctly  felt  as  hard,  swollen,  somewhat  sensitive, 
cord-like  cylinders,  which  can  be  made  to  roll  beneath  the  finger. 

Blood  Counts.  Red  blood-corpuscles,  6,900,000 ;  leucocytes,  14,600  ;  hsemo- 
globin,  76  per  cent. ;  86  per  cent,  of  the  leucocytes  are  polymorphonuclear. 
Urine  contains  a  small  amount  of  albumin  and  some  hyaline  casts;  specific 
gravity,  1027. 

After  admission  the  oedema  of  the  left  arm  and  hand  continued  to  increase 
and  reached  an  extreme  degree,  so  that  splits  appeared  in  the  corium.  The 
superficial  veins  were  distended.  Temperature  most  of  the  time  a  little  below 
normal,  only  occasionally  rising  to  99°  and  once  to  100°  F. 

March  1st.  Jaundice  appeared.  The  next  day  a  hemorrhagic  eruption  ap- 
peared over  the  abdomen.  Cheyne-Stokes  breathing  set  in,  the  sputum 
became  tinged  with  blood,  and  death  occurred  March  8th.  Unfortunately, 
permission  could  not  be  obtained  for  an  autopsy. 

In  the  preceding  case  of  uncompensated  mitral  regurgitation  the 
general  dropsy  was  so  great  that  only  the  excess  of  oedematous  swell- 
ing of  the  left  arm  led  to  examination  for  venous  thrombosis,  of  which 
positive  evidences  were  found  in  the  left  brachial  and  axillary  veins. 
Whether  other  veins  were  also  implicated  could  not  be  determined,  as 
no  autopsy  was  permitted. 

Case  IV.  Mitral  insufficiency;  thrombosis  of  left  femoral  vein;  recovery  from 
efects  of  thrombosis. — M.  H.,  male,  aged  seventy-eight  years,  admitted  De- 
cember 27,  1898 ;  discharged  January  10,  1899.  Patient  had  been  in  hospital 
a  year  ago,  suffiering  from  abdominal  pain  and  constipation  At  this  time 
mitral  insuflSciency  was  recognized.  No  history  of  rheumatism  or  of  other 
infectious  disease,  except  measles  and  smallpox  in  childhood.  Has  suffered 
of  late  years  from  pain  in  the  abdomen,  constipation,  bronchitis,  and  increased 
frequency  of  urination. 

Three  days  before  admission  was  seized  with  pain  on  the  inner  side  of  left 
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ankle  and  inside  of  upper  part  of  thigh,  soon  followed  by  swelling  of  the  left 
leg  and  about  the  ankle. 

On  admission  a  rough  systolic  murmur  is  heard  at  the  apex,  transmitted  to 
the  axilla,  and  heard  also  over  the  body  of  the  heart.  Systolic  whifF  over 
aortic  and  pulmonic  areas.  Point  of  maximum  intensity  of  cardiac  impult^e 
in  fifth  intercostal  space  11  cm.  to  left  of  median  line.  Veins  of  neck  full  and 
heaving,  but  without  distinct  pulsation,  Superficial  veins  of  nose  and  cheeks 
dilated;  physical  signs  of  emphysema  and  bronchitis.  Pulse  96,  regular; 
respirations  20.     Radial  and  temporal  arteries  tortuous  and  sclerotic. 

The  left  lower  extremity  (edematous  from  the  groin  to  the  foot,  the  swell- 
ing being  most  marked  around  the  ankle.  Superficial  temperature  of  left  leg 
somewhat  higher  than  that  of  right ;  superficial  veins  dilated.  An  indurated, 
sensitive  cord  can  be  felt  in  the  left  Scarpa's  triangle,  running  obliquely 
downward  and  inward.  The  deep  lymphatic  glands  below  Poupart's  liga- 
ment on  the  left  side  are  somewhat  enlarged.  The  pulsation  of  the  left 
femoral  artery  is  less  distinct  than  that  of  the  right;  slight  oedema  of  the 
right  leg. 

Blood  Count.  Red  blood-corpuscles,  3,800,000;  leucocytes,  5000j  haemo- 
globin, 40  per  cent.  Temperature  remained  about  normal,  occasionally  ris- 
ing in  the  evening  to  a  little  over  99°  F.  Urine :  specific  gravity,  1020  ;  acid, 
faint  traces  of  albumin  ;  no  casts. 

The  oedema  of  the  left  leg  gradually  lessened,  and  on  January  10th  patient 
was  discharged  at  his  request  with  only  a  little  oedema  of  the  extremities. 

In  the  foregoing  case  there  were  no  marked  evidences  of  disturbed 
compensation  of  the  mitral  lesion,  and  there  was  arterial  sclerosis. 
The  relationship  of  the  venous  thrombosis  to  the  cardiac  lesion  was 
not,  therefore,  so  evident  as  in  the  three  cases  first  reported,  and 
probably  this  case  does  not  properly  belong  in  the  same  category. 

For  the  notes  of  the  following  typical,  unpublished  case,  occurring 
in  the  service  of  Dr.  James  B.  Herrick,  at  the  Cook  County  Hospi- 
tal, Chicago,  I  am  indebted  to  the  kindness  of  Dr.  H.  Gideon  Wells, 
who,  when  interne  at  the  hospital,  observed  the  patient : 

Case  V.  Arlerio-sclerosis;  mitral  and  tricuspid  insufficiency;  fibrous  imjovar- 
ditis  and  fatty  heart;  general  anasarca;  chronicinterstdial  nephritis;  thrombosis 
of  left  internal  jugular,  subclavia?i,  axillary,  and  brachial  veins.  Death. — J  C, 
negro,  aged  fifty  three  years,  admitted  January  10,  1898;  died  July  24,  1898. 
History  of  an  old  syphilitic  infection  and  of  excessive  use  of  alcohol.  Patient 
stated  that  for  three  weeks  preceding  admission  he  had  suffered  from  pain  in 
the  chest,  cough,  increasing  difficulty  in  respiration,  and  swelling  of  the  legs 
and  ankles,  later  of  the  face,  with  increased  frequency  of  urination. 

Examination  showed  very  marked  general  anasarca,  with  slight  hydro- 
peritoneum  and  extensive  hydrothorax.     The  cardiac  dulness  extended  2  cm. 
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to  the  right  of  the  sternum,  and  11  cm.  to  the  left  of  the  sternal  border;  the 
base  reached  to  the  level  of  the  second  costal  cartilage.  There  was  a  mitral 
regurgitant  murmur.  The  arteries  were  hard  and  tortuous  ;  the  pulse  in  the 
radial  and  carotid  arteries  almost  imperceptible.  Hepatic  dulness  extended 
a  short  distance  below  the  costal  margin  ;  the  spleen  could  not  be  palpated. 

The  patient  remained  in  the  hospital  until  his  death,  six  and  a  half  months 
after  entrance.  During  this  time  he  was  generally  bedridden  and  suffered 
from  severe  dyspnoea,  occasional  attacks  of  prsecordial  pain,  and  extensive, 
general  anasarca.  The  urine  was  loaded  with  albumin  and  contained  large 
numbers  of  casts.  At  times  the  amount  of  fluid  in  the  pleural  cavities  was 
so  large  as  to  require  paracentesis. 

About  a  month  before  death  it  was  noticed  that  the  left  arm  was  much 
more  oedematous  than  the  right,  although  there  was  more  than  a  moderate 
amount  of  fluid  in  the  latter.  This  condition  was  observed  accidentally,  being 
apparently  of  gradual  development,  and  the  patient  experienced  no  pain 
referable  to  this  trouble.  The  oedema  remained  little  changed  until  the  time 
of  death,  which  was  the  outcome  of  a  gradual  cardiac  exhaustion. 

Autopsy  (Dr.  S.  M.  White).  Body  well  nourished.  CEdema  of  all  parts  of 
the  body,  most  marked  in  the  left  upper  extremity,  penis,  and  scrotum. 
Ulcer,  size  of  a  dime,  covered  by  a  gray,  false  membrane,  on  the  left  leg. 

About  four  litres  of  bloody,  serous  fluid  in  the  peritoneal  cavity,  the  walls 
of  which  are  thick,  white,  and  fibrous.  The  left  pleural  cavity  contains 
about  one  litre  of  clear  serum,  with  flakes  of  fibrin ;  the  right  a  somewhat 
smaller  quantity.  A  few  fibrous  adhesions  at  apices.  The  pericardial  sac 
contains  about  100  c.c.  of  serous  fluid ;  a  few  fibrous  adhesions  bind  the  left 
auricle  to  the  aorta. 

Lower  lobe  of  the  left  lung  carnified  from  pressure ;  general  pulmonary 
oedema ;  haemorrhagic  infarction  in  right  lobe.  Healed  tuberculous  nodules 
in  the  apices  and  the  peribronchial  lymphatic  glands. 

Coronary  arteries  dilated  and  atheromatous.  Right  auricle  reaches  4  cm. 
to  the  right  of  the  median  line.  Right  ventricle  contains  a  large,  adherent, 
grayish,  ante-mortem  thrombus.  The  tricuspid  orifice  much  dilated.  The 
cavity  of  left  ventricle  measures  8  5  cm.  in  length,  its  walls  1.5  to  2  cm.  in 
thickness ;  that  of  the  right  ventricle  9.5  cm.  in  length,  its  walls  5  to  6  mm. 
in  thickness.  Aortic  valves  normal,  save  for  a  few  yellowish  thickenings  at 
the  bases.  Mitral  segments,  thickened,  retracted ;  the  orifice  wider  than 
normal.  Endocardium  everywhere  somewhat  thickened.  Papillary  muscles 
mottled  with  yellowish  dots  and  streaks.  Myocardium  firm,  brownish-yel- 
low, and  contains  many  grayish-white  fibrous  areas  and  streaks.  Arteries 
atheromatous,  especially  the  aorta  at  its  beginning  and  at  the  origin  of  the 
thoracic  branches. 

The  left  subclavian  vein  is  filled  with  a  mixed  adherent  thrombus,  in  places 
grayish,  but  predominately  brownish-black,  which  occupies  also  the  axillary 
and  brachial  veins  to  the  middle  of  the  arm.  At  the  beginning  of  the  left  sub- 
clavian vein  is  a  yellowish,  raised,  sclerotic  area,  about  the  size  of  a  bean, 
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to  which  the  clot,  which  here  seems  to  be  channelled,  is  firmly  adherent. 
There  is  also  a  thrombus  of  a  brownish-yellow  color  in  the  lower  end  of  the 
internal  jugular  vein,  around  which  the  lymphatic  glands  are  somewhat 
enlarged  and  pigmented. 

Spleen  somewhat  enlarged,  dark-red,  firm.  Typical  nutmeg  liver.  Kidneys 
are  the  seat  of  typical  arterio-sclerotic  nephritis,  with  adherent  capsule,  irreg- 
ular surface,  thinned  cortex,  and  obscure  markings.  Other  organs  and  tissues 
normal. 

Microscopical  examination  of  the  thrombus  in  the  subclavian  vein  showed 
it  to  be  composed  of  platelets,  fibrin,  and  blood-corpuscles,  with  a  considerable 
amount  of  connective  tissue  growing  into  it. 

In  the  foregoing  case  the  cardiac  affection  was  associated  with 
arterio-sclerosis  and  advanced  chronic  interstitial  nephritis,  the  pa- 
tient being  fifty-three  years  of  age.  The  excess  of  oedema  of  the  left, 
arm  over  that  of  the  right  attracted  attention  a  month  before  death,, 
but  it  was  unattended  by  pain  or  other  symptoms.  The  thrombus 
apparently  started  from  a  sclerotic  patch  in  the  left  subclavian  vein, 
and  was  undergoing  organization  at  the  time  of  death. 

Thrombosis  of  pulmonary  vessels,  which  is  not  particularly  uncom- 
mon in  uncompensated  cardiac  disease,  is  of  course  not  to  be  included 
in  the  same  class  as  peripheral  venous  thrombosis.  I  have  also  ex- 
cluded from  consideration  the  venous  thromboses  complicating  gen- 
eral arterio-sclerosis  and  chronic  nephritis,  even  when  associated  with 
cardiac  hypertrophy  and  dilatation,  unless,  as  in  Case  V.,  the  symp- 
toms are  clearly  referable  to  cardiac  disease.  Our  autopsy  records 
contain  five  cases  of  thrombosis  of  the  femoral  and  iliac  veins  com- 
plicating arterio-sclerosis  and  chronic  nephritis  accompanied  by  car- 
diac hypertrophy.  In  two  of  these  there  was  atheroma  of  the  aortic 
valves,  with  some  insufiBciency.  There  is  one  instance  of  thrombosis 
of  the  superior  mesenteric  veins  associated  with  small  kidneys  and 
cardiac  hypertrophy.  A  case  of  thrombosis  of  the  iliac  and  femoral 
veins  on  both  sides,  associated  with  pulmonary  emphysema  and  hyper- 
trophy and  dilatation  of  the  right  side  of  the  heart,  has  also  been 
omitted  as  not  falling  under  the  class  considered  in  this  article.  For 
the  same  reason  I  have  omitted  a  case  in  our  records  of  thrombosis  of 
the  right  femoral  vein  complicating  cirrhosis  of  the  liver  with  sclerosis, 
calcification,  and  insufficiency  of  the  aortic  valves,  and  also  instances 
of  thrombi  in  varicose  veins  in  cases  of  heart  disease. 

The  arterial  thromboses  complicating  cardiac  diseases  are  of  much 
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interest.  Doubtless  most  of  those  in  the  systemic  arteries  are  of 
embolic  origin,  but  there  is  evidence  that  some,  particularly  in  cases 
of  extreme  mitral  stenosis,  are  autochthonous.  This  subject,  to  which 
I  have  given  some  attention  in  my  article  on  "  Thrombosis  and  Em- 
bolism" in  AUbutfs  Si/stem  of  Medicine,  does  not  fall  within  the 
scope  of  the  present  paper. 

The  only  attempts,  which  I  have  been  able  to  find,  to  collect  from 
the  records  cases  of  peripheral  venous  thrombosis  complicating  diseases 
of  the  heart  are  those  by  Parmentier  (1889),^  by  Hirschlaff  (1893), 
and  by  Kahn  (1896).  Parmentier  and  Kahn  each  report  a  single 
case  from  Hanot's  clinic,  and  refer  to  four  others  which  they  say  are 
the  only  ones  they  can  find  in  French  literature.  Hirschlaff  adds  to 
Parmentier's  list  two  personal  observations  and  the  two  cases  of 
Robert  (1880)  and  of  Ormerod  (1889).  Peter,  in  1873,  in  his  Lecons 
de  clinique  medicale,  reports  a  case  and  devotes  a  part  of  one  chapter 
to  an  interesting  consideration  of  venous  thrombosis  in  diseases  of  the 
heart  without  adding  further  observations.  Huchard^s  article  (1897), 
"  Cachexie  cardiaque  et  thromboses  veineuses,"  and  Helen  Baldwin's 
report  of  a  typical  case  (1897),  the  only  one  which  I  have  met  in 
American  literature,  deserve  especial  mention.  Without  pretence  to 
completeness  I  have  been  able  to  collect  reports  of  twenty-three  cases 
to  be  added  to  the  five  observations  already  described.  I  have  little 
doubt  that  a  more  diligent  search  would  bring  to  light  other  reported 
cases.  I  shall  present  in  chronological  order  abstracts  of  these 
twenty-three  cases,  of  some  of  which  the  histories  are  very  meagre. 

Case  VI. — Bouchut  (1845).  Woman  with  heart  disease  succumbed  to 
obliteration  of  the  deep  and  superficial  veins  of  the  left  leg.  No  further 
details. 

Case  VII. — Bouchut  (1845).  Man  with  heart  disease,  in  whom  occurred 
obliteration  of  the  superior  vena  cava,  jugular,  axillary,  and  deep  arm  veins. 
Engorged,  painful,  hard,  venous  cords  could  be  felt  in  neck  and  arms.  Cya- 
nosis and  oedema  of  face,  neck,  and  arms.  Innumerable  varicose,  agglomer- 
ated, large  veins  appeared  in  neck  and  over  thorax.  A  satisfactory  collateral 
circulation  developed,  and  the  man  left  the  hospital  free  from  cyanosis  and 
oedema. 

Case  VIII. — Cohn  (1860).  Woman,  sixty-one  years  old.  Stenosis  and  in- 
sufficiency of  aortic  valves,  some  thickening  of  mitral  segments,  cardiac  hyper- 
trophy, and  symptoms  of  non-compensation.     For  fourteen  weeks  oedema  of 

1  The  references  will  be  found  at  the  end  of  this  article. 
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left  foot  and  leg,  later  also  of  right  foot,  but  here  less  marked.  At  autopsy, 
adherent  old  thrombi  in  both  iliac  veins,  extending  on  the  left  side  half-way 
down  the  thigh,  and  into  some  of  the  larger  tributaries  of  the  femoral  vein. 
[Cohn  reports  two  other  cases  of  thrombosis  of  veins  of  the  lower  extremities 
with  cardiac  disease,  but  in  these  there  was  general  arterial  sclerosis  and  no 
pronounced  valvular  lesion. j 

Case  IX. — Jolly  (1861).  Woman  with  organic  disease  of  the  heart  had 
phlegmasia  alba  dolens  of  both  upper  extremities.  Death  occurred  from  an 
ulcero-membranous  affection  of  the  intestine.     No  further  details. 

Case  X. — Ramirez  (1867).  Boy,  aged  twelve  years.  Acute  articular  rheu- 
matism one  year  before  admission.  Aortic  and  mitral  insufficiency,  general 
anasarca,  dyspnoea,  and  other  symptoms  of  extreme  cardiac  incompetence. 
Bloody  expectoration.  Thrombosis  of  jugular,  axillary,  and  subclavian  veins 
on  the  right  side.  The  obliterated  external  jugular  vein  very  evident. 
Painful  oedema  of  right  side  of  neck  and  right  arm.  Death  in  coma.  No 
autopsy. 

Case  XI.— Ramirez  (1867).  Man,  aged  fifty  years.  For  six  months  fol- 
lowing intermittent  fever,  dyspnoea,  general  oedema.  Incompletely  compen- 
sated aortic  and  mitral  insufficiency.  (Edema  of  lower  extremities  almost 
disappeared,  while  that  of  face  and  upper  extremities  persisted.  Dyspnoea 
increased.  Painful,  hard  oedema  of  left  arm  and  left  side  of  neck  appeared, 
and  two  large,  hard,  sensitive  cords,  formed  by  the  obliterated  jugular  veins, 
could  be  felt. 

Autopsy  showed  thickening  and  retraction  of  aortic  valves,  with  relative 
mitral  insufficiency.  Great  dilatation  of  all  cardiac  cavities.  Blackish,  firm 
thrombi  in  left  internal  and  external  jugular,  subclavian,  and  axillary  veins. 

Case  XII.— Duguet  (1872).  Patient,  who  formerly  had  acute  articular 
rheumatism,  was  admitted  for  dyspnoea,  cyanosis,  palpitations,  and  oedema 
of  lower  extremities.  Three  days  before  death  there  appeared  painful,  hard 
oedema  of  left  arm,  and  the  axillary  vein  was  felt  as  hard  as  a  cord.  Autopsy 
showed  marked  stenosis,  with  insufficiency  of  the  mitral  orifice,  without  fresh 
endocarditis,  with  cardiac  hypertrophy  and  dilatation,  hydrothorax  and  hy- 
dropericardium,  pulmonary  infarcts,  and  grayish-black,  non-adherent  thrombi 
filling  the  left  subclavian,  axillary,  and  brachial  veins. 

Case  XIII. — Peter  (1873).  Woman  with  mitral  insufficiency  and  obstruc- 
tion, and  with  relative  insufficiency  of  the  tricuspid  valve,  suffered  from 
oedema  of  lower  extremities,  ascites,  dyspnoea,  cyanosis,  and  great  congestion 
of  lungs  and  liver.  For  past  ten  days  left  arm  oedematous  throughout,  with 
tenderness  at  certain  points ;  later  outer  and  lower  part  of  neck  became 
swollen  and  painful,  first  near  the  junction  of  jugular  and  subclavian  veins. 
The  obliterated  subclavian  [axillary?]  and  external  jugular  veins  could  be 
felt  as  hard,  cylindrical  cords.  Venous  pulse,  formerly  present  in  cervical 
veins  of  both  sides,  is  now  evident  only  on  the  right  side.  The  left  radial 
pulse  is  almost  imperceptible  from  pressure  of  thrombosed  veins  on  the 
arteries.    At  the  end  of  three  weeks  collateral  circulation  was  established 
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and  oedema  of  arm  had  disappeared.  General  condition  otherwise  unim- 
proved. 

Case  XIV. — Robert  (1880).  Woman,  age  between  thirty  and  forty  years, 
suffered  for  eight  years  with  cardiac  symptoms  following  pneumonia,  of  late 
palpitation,  dyspnoea,  cyanosis,  oedema  of  lower  extremities  and  abdominal 
wall,  moderate  ascites,  pulsation  of  veins  of  neck,  bronchitis,  and  pulmonary 
congestion.  Mitral  stenosis  and  relative  tricuspid  insufficiency  diagnosed. 
For  over  a  month  before  death  patient  had  increasing  oedema  of  left  arm 
(right  being  free)  and  slight  tumefaction  of  left  side  of  face.  Left  internal 
jugular  vein  felt  as  hard  cord ;  veins  over  left  pectoral  region  became  dis- 
tended. 

Autopsy.  Extreme  mitral  stenosis,  with  hypertrophy  and  dilatation  of  the 
right  heart,  double  hydrothorax,  pulmonary  infarcts.  Thrombosis  of  left 
innominate,  subclavian,  and  both  jugular  veins.  The  left  innominate  was 
notably  narrowed  at  confluence  of  jugular  and  subclavian  veins,  and  here 
and  in  the  lower  end  of  the  jugular  was  a  firm,  fibroid,  adherent  thrombus, 
evidently  the  oldest  part  of  the  clot.  The  thrombus  elsewhere  was  in  places 
centrally  softened.  The  walls  of  the  left  subclavian  vein  were  thickened.  The 
clot  in  the  jugular  could  be  traced  to  the  entrance  of  the  linguo-facial  trunk. 
Lymphatic  glands  in  the  neighborhood  of  the  thrombosed  veins  are  enlarged. 
Superior  vena  cava  free. 

Case  XV. — Parmentier  (from  Hanot's  clinic)  (1889).  Woman,  aged  forty 
years.  For  four  years,  following  puerperal  infection,  cardiac  symptoms  ;  for 
last  five  months,  palpitation,  dyspnoea,  cough,  oedema  of  lower  extremities; 
and  for  three  weeks  before  admission  painful  oedema  of  left  arm  and  cor- 
responding mammary  region  ;  later,  slight  oedema  of  right  arm.  Upon  ad- 
mission :  very  rapid,  irregular  heart  action  ;  irregular,  small,  intermittent 
pulse;  marked  venous  pulsation  from  systolic  reflux,  intense  dyspnoea,  pul- 
monary rdles,  and  albuminuria.  The  left  upper  extremity  is  tumefied 
throughout  its  whole  extent  by  a  hard,  tender  oedema,  which  extends  also 
to  the  left  mammary  region.  Symptoms  increased  in  gravity  and  death 
occurred  four  days  after  admission. 

Autopsy.  Extreme  mitral  insufficiency  and  dilatation  of  all  cavities  of  the 
heart,  left  hydrothorax,  ascites,  nutmeg  liver.  Left  subclavian  vein  and 
small  communicating  veins  completely  obliterated  by  a  reddish  thrombus, 
grayish  and  most  adherent  in  the  middle  of  the  vein,  where  it  is  evidently 
oldest,  and  where  there  is  partial  organization.  Upon  microscopical  exam- 
ination the  coats  of  the  veins  were  found  thickened  and  the  capillaries  in  the 
outer  coats  dilated.  The  jugular  veins  were  free,  and  no  thrombus  was  found 
in  other  veins  of  the  extremities. 

Case  XVI.— Ormerod  (1889).  Patient  was  admitted  for  mitral  stenosis. 
At  autopsy  was  found  complete  obstruction  by  adherent  clot  of  both  innom- 
inate veins,  internal  jugulars,  subclavians,  anterior  and  external  jugulars,  the 
clot  being  firmer  on  right  than  left  side.  A  projecting  end  of  clot  hung  into 
superior  cava,  but  was  not  adherent  there,  and  ceased  at  the  opening  of  the 
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azygos.  Left  auricle  and  right  cavities  of  heart  much  dilated.  The  symp- 
toms of  thrombosis,  which  developed  in  the  hospital,  pointed  to  its  com- 
mencement in  right  subclavian  vein.  No  local  cause  for  it  could  be  found. 
Specimens  were  presented  before  the  London  Pathological  Society  and  no 
further  details  are  given. 

Case  XVII.— HirschlafT  (from  Leyden's  clinic)  (1893).  Woman.  Re- 
peated attacks  during  last  ten  years  of  articular  rheumatism.  Cardiac 
symptoms  existed  for  some  time  before  admission.  Upon  admission,  respira- 
tions hurried  and  labored,  oedema  of  lower  extremities,  ascites,  moist  pul- 
monary rales  behind  and  below,  heart's  action  violent,  with  diffuse  praecordial 
heaving,  cardiac  dulness  much  increased  in  all  directions,  loud  systolic  and 
diastolic  murmurs  at  apex,  feebler  systolic  murmur,  with  indistinct  diastolic 
sound  in  aortic  area,  distinctly  visible  venous  pulsation  ;  pulse  120,  of  low 
tension;  enlargement  of  liver  and  spleen,  moderate  albuminuria,  diminished 
excretion  of  urine.  No  material  improvement  followed.  Both  hands  became 
oedematous.  Six  days  before  death  there  appeared  oedema  of  the  left  half  of 
the  thorax,  reaching  the  middle  line,  and  also  of  the  left  supraclavicular  fossa  ; 
later  oedema  of  left  half  of  face.  Pulsation  disappeared  from  the  left  exter- 
nal jugular,  while  it  persisted  in  the  right.  A  painful  hard  cord  could  be  felt 
in  the  left  supraclavicular  fossa,  extending  upward  along  the  course  of  the 
external  jugular  vein,  and  a  similar  one  along  that  of  the  internal  jugular. 
Erysipelas  of  the  right  leg  set  in  after  insertion  of  Ziehl's  needles  to  relieve 
the  oedema,  and  patient  died  in  collapse. 

Autopsy.  Extreme  stenosis  and  marked  insuflSciency  of  the  mitral  valve 
and  slighter  insufficiency  of  the  aortic  valve  ;  cavities  much  dilated.  Throm- 
bosis of  the  entire  left  innominate,  internal  jugular  and  smaller  tributaries, 
external  jugular,  subclavian,  and  axillary  veins.  The  thrombus  is  reddish- 
yellow  and  oldest  in  the  jugular  bulb.  The  veins  of  the  upper  arm  contained 
fluid  blood ;  cerebral  sinuses  free ;  red  induration  of  both  lungs ;  small  quan- 
tities of  fluid  in  both  pleural  cavities  ;  fresh  hyperplasia  of  spleen. 

Case  XVIII.— Hirschlaff"  (1893).  Woman,  aged  fifty-one  years.  Diph- 
theria at  eighteen  ;  articular  rheumatism,  without  evident  sequels,  at  twenty 
years  of  age.  For  past  twenty  years  epilepsy  with  periodical  swelling  of  both 
legs,  lasting  for  months ;  for  last  two  years  persistent  oedema  of  the  legs,  and 
for  a  month  before  admission  palpitation  and  dyspnoea.  Shortly  before  ad- 
mission increasing  painful  swelling  of  left  side  of  neck  and  left  arm.  On 
admission,  marked  oedema  of  lower  extremities  and  of  the  left  side  of  neck 
and  left  arm,  slight  ascites,  slight  cyanosis  and  icterus,  systolic  pulsation  ot 
left  external  jugular,  enlargement  of  heart,  heaving  impulse  and  thrill  at  apex, 
loud  murmur  filling  entire  period  before  systole  at  apex,  diastolic  murmur  in 
aortic  area,  dulness  and  crepitant  rales  over  posterior,  lower  chest;  urine 
diminished,  concentrated  and  slightly  albuminous ;  pulse  108,  small,  irregular. 
The  veins  in  the  left  side  of  neck  and  over  shoulder  became  much  distended 
and  the  oedema  increased  in  extent.  Three  weeks  later  the  right  side  of  the 
neck  and  thorax,  and  then  the  face,  became  oedematous.     Pulmonary  symp- 
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toms.  Eepeated  epileptic  attacks  occurred,  accompanied  and  followed  by 
extreme  cyanosis  and  dyspnoea.  In  one  of  these  death  ensued  a  month  after 
admission. 

Autopsy.  Cardiac  hypertrophy,  extreme  dilatation  of  right  ventricle  and 
auricles ;  tricuspid  valve  thickened,  its  chordae  shortened  and  grown  to- 
gether ;  extreme  stenosis  of  mitral  orifice,  insufficiency  of  aortic  valves,  on 
which  are  fresh  vegetations ;  myocardium  flabby,  pale,  and  yellow.  Moderate 
accumulation  of  fluid  in  pleural  and  pericardial  cavities;  recent  and  old  pul- 
monary infarcts;  chronic  passive  congestion  of  liver,  spleen,  and  kidneys. 
Thrombosis  of  superior  vena  cava,  left  innominate  vein,  left  subclavian  and 
both  internal  jugular  veins.  The  oldest  part  of  the  thrombus  occupies  the 
bulb  of  the  left  jugular,  where  it  is  firm,  closely  adherent,  and  partly  organ- 
ized. Tissues  around  thrombosed  veins  behind  manubrium  sterni  cedematous. 
Small  thrombus  in  the  left  lateral  sinus  of  the  dura  mater. 

Case  XIX. — Gatay  (1895).  Woman,  aged  twenty-eight  years.  Ten  years 
ago  acute  rheumatism  and  endocarditis,  followed  by  palpitation  and  articular 
pains.  A  few  days  before  admission  patient  was  seized  with  chills,  followed 
by  dyspnoea.  On  admission,  cyanosis,  oedema  of  lower  extremities,  areas  of 
pulmonary  consolidation,  disorderly  action  of  heart ;  pulse  small  and  inter- 
mittent; albuminuria;  temperature  39.8°  C.  Four  days  later  hard  oedema 
of  left  arm,  most  marked  in  lower  part,  appeared.  Fluid  in  wrist-joint.  Hard 
venous  cord  on  inner  side  of  left  upper  arm  was  felt. 

Autopsy.  Much  hypertrophy  an-d  dilatation  of  heart ;  the  right  ventricle 
markedly  dilated  and  tricuspid  valve  relatively  insufficient ;  mitral  valve 
thickened,  retracted,  and  incompetent;  old  fibrous  plaques  on  endocardium; 
no  fresh  endocarditis;  pulmonary  infarcts.  Left  brachial  vein  swollen  and 
filled  with  a  red,  adherent,  centrally  softened  thrombus,  10  cm.  long ;  venous 
wall  above  and  below  thrombus  red  and  thickened. 

Case  XX.— Kahn  (from  Hanot's  clinic)  (1896).  Woman,  aged  fifty-two 
years.  Seven  years  ago,  influenza,  followed  by  some  oedema  of  legs,  which  soon 
disappeared.  For  four  months  before  admission,  cough,  weakness,  oedema  of 
legs,  loss  of  flesh.  On  admission,  cardiac  hypertrophy,  systolic  murmur  at 
apex  transmitted  into  axilla;  no  murmur  a.t  base;  pulse  100,  small,  soft; 
radials  sclerotic;  external  jugular  turgid,  but  without  pulsation  ;  respirations 
rapid  and  labored  ;  oedema  of  lower  extremities,  emaciation.  Ten  days  after 
admission  painless  oedema  of  right  hand  and  forearm  appeared.  Tempera- 
ture, 38.3°  C.  Subcrepitant  rales  at  base  of  lungs.  The  oedema  rapidly 
spread,  so  as  to  involve  the  whole  of  right  arm  and  corresponding  mammary 
region.  There  was  no  pain.  The  skin  was  colder  than  on  the  left  side  and 
somewhat  mottled  with  violet  patches.  Dyspnoea  intense,  respiration  42, 
urine  albuminous,  sputum  bloody,  temperature  39°  C. ;  delirium  and  death 
in  coma  about  three  weeks  after  onset  of  thrombosis. 

Autopsy.  Hypertrophy  of  the  whole  heart,  right  cavities  much  dilated, 
mitral  valve  indurated,  thickened,  retracted,  insufficient  without  stenosis ; 
other  valves  normal,  fibrous  myocarditis.     Fluid  in  left  pleura,  pulmonary 
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infarcts,  chronic  passive  congestion  of  liver  and  kidneys,  spleen  swollen  and 
soft.  There  are  five  or  six  enlarged  glands  near  the  right  subclavian  vein, 
which  is  completely  filled  with  a  reddish,  fibrinous,  firm,  non-adherent 
thrombus  4  cm.  long,  extending  to  the  origin  of  the  axillary  vein.  No 
thrombi  in  collateral  veins.  On  microscopical  examination,  coats  of  throm- 
bosed vein  appear  thickened,  and  capillaries  in  outer  wall  dilated. 

Case  XXI. — Mader  (1897).  Woman,  aged  forty -five  years.  Repeated 
attacks  of  articular  rheumatism,  followed  by  palpitation,  dyspnoea,  and  oedema 
of  lower  extremities.  On  admission  evidences  of  stenosis  and  insufficiency 
of  the  mitral  and  tricuspid  valves.  Marked  ascites.  Three  weeks  later  pa- 
tient complained  of  great  tension  in  veins  of  arms ;  and,  in  fact,  these  be- 
came enormously  distended,  as  did  also  the  cervical  and  upper  thoracic 
veins.  Collateral  veins  could  be  traced  to  the  epigastric  veins.  There  was 
vertigo,  and  the  lips  became  cyanosed.  With  the  establishment  of  a  collat- 
eral circulation  there  was  gradual  improvement  in  the  symptoms.  The  diag- 
nosis was  thrombosis  of  both  innominate  veins,  possibly  also  of  superior 
vena  cava,  complicating  the  valvular  affections  mentioned. 

Case  XXII. — Helen  Baldwin  (1897).  Girl,  aged  nineteen  years.  Three 
attacks  of  rheumatic  fever,  the  last  seven  years  ago.  Five  weeks  ago  oedema 
of  the  feet.  A  few  days  before  admission,  began  to  suffer  from  pain  in  left 
axilla  and  left  side  of  neck,  also  from  swelling  of  the  left  side  of  neck.  The 
latter  at  first  would  disappear  in  the  erect  posture.  Amenorrhoea.  On  ad- 
mission, great  weakness,  oedema  of  both  legs,  cyanosis,  dyspnoea,  respirations 
40,  pupils  dilated ;  pulse  108,  small,  rapid,  and  compressible ;  marked  en- 
largement of  heart,  double  aortic  and  mitral  murmurs,  ascites,  enlargement 
of  liver,  albuminuria,  granular  and  hyaline  casts,  quantity  of  urine  dimin- 
ished, sp.  gr.,  1033.  On  left  side  of  neck  is  a  hard,  tender  swelling  of  lower 
part  of  external  jugular  vein,  which  is  tortuous.  There  is  a  hard  cord  in 
left  axilla,  extending  for  about  five  inches  down  the  arm.  Left  arm  oe  lema- 
tous  and  pale.  The  next  day  external  jugular  vein  was  felt  as  a  cord  up  to 
one-half  inch  of  lobule  of  ear.  QEdema  of  whole  left  side  of  neck.  Signs 
of  beginning  double  pneumonia.  For  five  days  there  was  noted  a  persist- 
ently low  temperature  when  measured  by  thermometer  in  mouth,  whereas 
that  by  the  rectum  was  6  to  7.8  degrees  higher.  Bloody  expectoration  on 
the  fifth  day.     Death  six  days  after  admission. 

Autopsy.  General  oedema,  ascites,  double  hydrothorax,  marked  hyper- 
trophy of  heart,  the  auricles  extremely  dilated,  chronic  changes  in  all  of  the 
valves,  the  most  marked  being  stenosis  and  insufficiency  of  the  mitral  valve, 
the  edges  of  tricuspid  valve  thickened  and  curled.  Pulmonary  congestion 
and  infarcts  and  early  stage  of  double  lobar  pneumonia.  Chronic  passive 
congestion  of  abdominal  viscera.  Firm  thrombi  fill  the  left  innominate, 
subclavian,  external  and  internal  jugular  veins,  extending  nearly  to  lobe  of 
ear.  Veins  of  extremities  could  not  be  further  examined.  Enlarged  lymph 
nodes  along  trachea,  not  pressing  on  veins.  Small  extravasation  of  blood 
along  left  side  of  trachea  and  behind  the  left  auricle.     On  microscopical 
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examination  the  thrombi  were  found  to  be  partly  organized.  There  was 
marked  chronic  thickening  of  the  intima  of  the  subclavian  vein,  which  was 
believed  to  be  the  starting-point  of  the  thrombus. 

Case  XXIIT. — Huchard  (1897).  Woman,  aged  twenty-four  years.  Seven 
years  ago  had  articular  rheumatism  with  cardiac  complication,  followed  by 
mitral  stenosis.  Painful  swelling  of  left  arm  appeared  during  convalescence 
from  an  undetermined  febrile  disease.  On  admission  severe  dyspnoea;  pulse 
rapid,  small,  irregular;  expectoration  bloody,  urine  slightly  albuminous,  no 
<Bdema  of  lower  extremities.  Painful,  hard  oedema  of  entire  left  arm,  with 
prominence  of  superficial  veins,  and  hard,  sensitive,  voluminous,  venous 
cords.     Death  in  coma  nine  days  after  admission. 

Autopsy.  Double  hydrothorax,  pulmonary  infarcts,  slight  ascites,  nutmeg 
liver.  Heart  weighed  450  grms. ;  buttonhole  mitral  orifice  causing  extreme 
stenosis,  slight  narrowing  of  tricuspid  orifice,  and  marked  dilatation  of  right 
auricle.  Large  stratified  thrombus  in  left  auricle,  A  few  pericardial  adhe- 
sions. Left  brachial  vein  markedly  dilated,  and  filled  in  upper  part  with  an 
adherent  thrombus  3  cm.  long,  starting  from  a  valvular  pocket. 

Case  XXIV.— Huchard  (1897).  Male  with  mitral  stenosis  and  thrombosis 
of  veins  of  left  lower  extremity.     No  other  details. 

Case  XXV. — Nicolle  and  Eobineau  (1897).  Girl,  aged  sixteen  and  a  half 
years.  Repeated  attacks  of  rheumatism  during  last  four  years.  Chief  symp- 
tom on  admission,  respiratory  distress ;  no  oedema.  Four  months  after  ad- 
mission patient  felt  pain  in  the  left, side  of  neck  and  head,  and  a  hard,  pain- 
ful cord,  5  to  10  cm.  long,  was  detected  in  the  course  of  the  left  external 
jugular  vein.  Three  days  later  the  thrombus  had  extended  and  painful 
cedema  of  left  side  of  neck  and  face  appeared.  Superficial  veins  dilated  ; 
urine  slightly  albuminous.  Ten  days  after  first  symptoms  of  thrombosis  entire 
left  upper  extremity  became  oedematous.  Expectoration  bloody.  Oedema 
increased,  and  appeared  also  in  lower  extremities.  Death  occurred  a  little 
less  than  a  month  after  the  beginning  of  the  thrombosis. 

Autopsy.  Mitral  orifice  narrowed,  numerous  hard,  papillary  vegetations 
on  borders  and  surface  of  mitral  segments,  also  on  the  aortic  valves  and  the 
free  borders  of  the  tricuspid.  Chordae  tendineae  of  mitral  valve  shortened. 
Hydrothorax,  many  pulmonary  infarcts,  pneumonia  of  left  lower  lobe. 
Thrombosis  of  left  external  jugular  vein  and  branches  and  of  subclavian 
vein.  Thrombus  black,  rather  soft,  slightly  adherent,  unorganized.  Venous 
walls,  especially  inner  coat,  thickened.  Swollen,  hemorrhagic  lymph  glands 
surround  the  thrombosed  veins.     Tissues  of  neck  very  oedematous. 

Case  XXVL— Poynton  (from  service  of  Dr.  Lees),  1898.  Girl,  aged 
nineteen  years.  Very  severe  attack  of  rheumatic  fever,  lasting  thirteen 
weeks,  nine  months  before  admission.  Swelling  of  legs  and  abdomen  noticed 
two  months  before  admission,  and  a  few  days  before  admission  left  arm  sud- 
denly began  to  swell.  On  admission  great  pallor  and  distress,  evidences  of 
advanced  organic  disease  of  heart,  systolic  apical  murmur,  accentuated  sec- 
ond pulmonic  sound;  pulse  90,  irregular  in  force  and  rhythm;  oedema  of 
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legs  and  thighs,  of  upper  extremities  and  upper  part  of  chest,  the  left  arm 
and  hand  being  very  much  swollen ;  impairment  of  resonance  and  respira- 
tory sounds  over  bases  of  lungs,  liver  large  and  tender,  conjunctivae  icteric,^ 
urine  somewhat  albuminous,  temperature  subnormal  and  continuing  so 
throughout  illness.  Death,  preceded  by  cerebral  symptoms  and  coma,  about 
two  weeks  after  admission. 

Autopsy.  Totally  adherent  pericardium,  evidences  of  old  rheumatic  endo- 
carditis; aortic,  mitral,  and  tricuspid  valves  incompetent,  and  mitral  orifice 
slightly  narrowed ;  cavities  dilated,  especially  right  ventricle ;  weight  of 
heart,  sixteen  ounces.  Pleurae  adherent.  Chronic  passive  congestion  of  vis- 
cera. Adherent  firm  thrombi  filled  both  innominate  and  both  internal  jugu- 
lar veins,  the  lower  end  of  left  internal  jugular  being  white,  narrowed,  and 
very  firm.  Adherent  mural  thrombosis  in  upper  part  of  superior  cava. 
Mediastinal  tissues  cedematous.     Brain  generally  soft  and  (edematous. 

Case  XXVIL— Poynton  (from  service  of  Dr,  Cheadle\  1898.  Woman^ 
aged  twenty-one  years.  In  childhood  scarlet  fever,  followed  by  rheumatic 
fever.  Two  years  ago  second  attack  of  rheumatism.  Present  illness  begaii 
gradually  with  weakness,  dyspnoea,  and  oedema  of  legs  and  face.  On  admis- 
sion anaemia,  oedema  of  legs,  face  puffy,  bronchitic  sounds,  harassing  cough,. 
systolic  thrill,  loud  systolic  murmur  over  front  and  back,  dilatation  of  heart. 
Temperature  101°  F. ;  respirations  28;  pulse  128,  of  low  tension.  Urine- 
albuminous,  sp.  gr.,  1020,  contained  blood  and  casts.  Liver  and  spleen  en~ 
larged.  Irregular  pyrexia  and  sweating  continued  throughout  illness  in 
hospital.  Twelve  days  after  admission  pain  in  wrists  and  along  inside  of 
left  forearm.  CEdema  of  face,  which  had  almost  disappeared,  returned,, 
especially  on  left  side.  Irregularity  of  pulse,  orthopnoei,  symptoms  of  renal 
infarction  and  pneumonia  appeared,  and  death  occurred  five  and  a  half 
weeks  after  admission. 

Autopsy.  Heart  weighed  14  ounces,  all  its  cavities  much  dilated  ;  both  ven- 
tricles and  left  auricle  hypertrophied  ;  muscle  pale ;  mitral  orifice  widened  ; 
numerous  exuberant  vegetations  of  mitral  segments,  also  on  endocardium  of 
left  auricle  and  left  ventricle ;  chordae  tendineae  ulcerated  through  ;  other 
valves  normal,  except  slight  widening  of  tricuspid  orifice.  Pulmonary  con- 
gestion ;  pneumonia  of  left  lower  lobe ;  chronic  passive  congestion  of  abdom- 
inal viscera,  with  infarcts  in  spleen  and  kidneys  (microscopically  no  evidence 
of  interstitial  inflammation  or  chronic  nephritis).  Left  internal  jugular,, 
from  junction  with  subclavian  vein  to  angle  of  jaw,  occluded  by  a  thrombus^ 
which  was  pale  and  adherent  to  wall,  especially  in  lower  part,  where  vein 
was  cord-like.  Innominate  vein  and  right  jugular  not  thrombosed.  Brain 
normal.  On  microscopical  examination  no  micro-organisms  found  in  cardiac 
vegetations  or  in  thrombus.  Diplococci,  staining  by  Gram,  in  pneumonic 
area.  Sections  of  left  internal  jugular  showed  organizing  thrombus,  without 
distinct  thickening  of  venous  wall.  Walls  of  right  jugular  normal.  (No 
mention  of  cultures  ) 

Case  XXVIII.    Poynton  (from  service  of  Dr.  Cheadle),  1898.     Girl,  aged 
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nine  years.  Two  years  ago  scarlet  fever,  since  which  heart  was  affected.  For 
three  weeks  before  admission,  thoracic  pain  and  cough,  and  for  one  week 
dropsy.  On  admission,  February  19th,  pallor,  with  some  cyanosis;  orthop- 
ncea;  fingers  clubbed ;  oedema  of  lower  extremities,  anterior  chest  wall  and 
face;  some  ascites;  marked  increase  of  cardiac  dulness  to  right  and  left; 
praecordial  bulging  ;  epigastric  pulsation  ;  systolic  and  diastolic  thrill ;  double 
mitral  and  aortic  murmurs  ;  doubtful  pericardial  friction  rub  ;  impaired  reso- 
nance and  respiratory  sounds  over  bases  of  lungs  ;  scattered  bronchitic  rales ; 
liver  enlarged  and  pulsating.  Temperature  97.4°  F. ;  respirations  30  ;  pulse 
100,  irregular,  weak  and  small ;  urine,  1025,  contained  albumin  and  blood, 
without  casts.  Improvement  until  March  10th,  when  pleural  friction  was 
heard  in  left  axilla  and  dulness  at  left  base,  without  rise  of  temperature. 
Again  improvement  until  April  10th,  when  pulmonary  symptoms  reappeared 
and  swelling  of  axillary  glands  was  noticed.  Heart  more  dilated,  pulse 
feebler.  13th :  left  side  of  face  swollen.  16th  :  marked  oedema  of  right  side 
of  neck,  eyelids,  and  lips ;  face  purple;  both  sides  of  neck  tense,  painful  to 
touch  and  on  movement;  temperature  subnormal.  17th  :  right  arm  began  to 
swell,  shortly  afterward  oedema  of  left  arm  and  chest;  patient  apathetic. 
18th :  drowsiness,  cyanosis,  sudden  dyspnoea,  with  symptoms  of  collapse. 
19th  :  tender  oedema  of  right  arm  extreme.  20th :  two  firm  cords  felt  in 
lower  part  of  neck ;  legs  and  feet  a  little  swollen ;  area  of  cardiac  dulness 
enormous;  loud  pericardial  friction,  crepitation  over  both  lungs;  urine 
scanty,  slightly  albuminous,  no  blood.     Death  April  21st. 

Autopsij.  Acute  sero-fibrinous  pericarditis ;  all  cardiac  cavities  dilated  and 
hypertrophied,  the  right  relatively  more  than  the  left.  Mitral  and  tricuspid 
valves  incompetent ;  fresh  vegetations  on  aortic,  mitral,  and  tricuspid  valves. 
Usual  visceral  changes  secondary  to  advanced  cardiac  disease.  Obliterative 
thrombosis  of  superior  vena  cava  in  its  upper  two-thirds,  both  innominate, 
subclavian,  internal  and  external  jugular,  and  axillary  veins,  and  the  left 
inferior  thyroid  vein.  Small  adherent  mural  thrombus  in  left  brachial  vein. 
The  oldest  parts  of  the  thrombus  were  in  the  lowest  portions  of  the  internal 
jugular  veins  and  the  left  innominate,  which  were  white,  small,  and  firm, 
and  adherent  to  surrounding  tissues.  Beyond  these  older  thrombi  the  ves- 
sels were  bulged  with  soft  clot.  The  thrombus  in  the  superior  cava  was  soft, 
pale,  non-adherent,  except  in  its  upper  part. 

Cultures  and  films  from  pericardial  exudate  and  blood-clot  negative ;  sec- 
tions of  soft  clot  in  superior  cava  and  of  thrombus  in  right  axillary  showed 
no  micro-organisms.  Thrombi  were  undergoing  organization  in  older  parts. 
Early  phlebo-sclerosis,  apparently  secondary  to  thrombus,  in  older  throm- 
bosed vessels.  Venous  wall  not  thickened  where  thrombus  was  fresh  and  not 
adherent.  Interstitial  myocarditis  in  subpericardial  layers  and  beneath  in- 
flamed endocardium. 

The  most  remarkable  feature  of  the  foregoing  twenty-eight  cases  of 
venous   thrombosis  in  heart  disease  is  the  location  of  the  thrombi : 
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twenty-four  were  thromboses  of  veins  conveying  blood  from  the  upper 
extremities  or  the  neck,  or  both,  mostly  of  the  left  side,  and  only  four 
were  thromboses  of  the  veins  supplying  the  lower  extremities.  I  do 
not  suppose  that  these  numbers  represent  the  correct  ratio  between 
upper  and  lower  venous  thrombosis  in  heart  disease,  for  thrombosis  of 
veins  of  the  lower  extremities  in  this  condition  is  much  more  likely  to 
be  overlooked  in  consequence  of  the  more  common  and  greater  oedema 
of  the  lower  limbs,  and  is  also  much  less  likely  to  be  reported.  How 
often  it  is  overlooked  can  be  at  present  only  a  matter  of  conjecture, 
but  it  is  not  probable  that  such  thrombosis  is  at  all  frequent.  In 
fact,  the  comparative  infrequency  of  peripheral  venous  thrombosis  in 
cardiac  disease  is  in  itself  a  matter  of  interest,  in  view  of  the  slow, 
feeble  and  irregular  venous  circulation,  and  of  the  frequency  of  so- 
called  marantic  thrombi  in  the  heart  itself  during  the  failure  of  com- 
pensation. The  relatively  small  liability  to  venous  thrombosis  under 
such  conditions  of  the  circulation  is  one  of  many  evidences  that  mere 
slowing  of  the  blood  current  is  not  an  efficient  cause  of  thrombosis. 

Even  allowing  for  a  considerable  increase  in  the  number  of  instances 
of  thrombosis  of  the  veins  of  the  lower  extremities  as  the  result  of 
more  thorough  search  in  cases  of  heart  disease,  the  relatively  large 
number  of  observations  of  thrombosis  of  the  upper  veins  revealed  in 
my  collection  of  cases  still  remains  most  remarkable.  Bouchut  places 
the  ratio  of  venous  thromboses  of  the  upper  extremity  to  those  of  the 
lower  at  one  to  fifty.  Of  sixty-seven  cases  of  peripheral  venous  throm- 
bosis in  our  autopsy  records  at  the  Johns  Hopkins  Hospital,  only  one 
was  of  the  upper  extremities,  although  several  instances  of  the  latter 
have  been  observed  clinically  in  the  hospital.  Moreover,  the  four 
instances  above  recorded  of  venous  thrombosis  of  the  lower  extremities 
in  heart  disease  had  little  in  common  with  the  remaining  cases.  Two 
were  in  old  persons,  with  some  arterial  atheroma,  and  of  two  no  satis- 
factory history  is  given.  The  thrombosis  was  on  the  left  side  in  three 
and  bilateral  in  one,  thus  conforming  to  the  rule.  As  will  appear 
from  an  analysis  of  the  remaining  twenty-four  cases,  the  venous 
thromboses  of  the  neck  and  arms  in  cardiac  disease  constitute  a 
separate  and  distinct  group,  characterized  by  special  features  of  un- 
usual interest. 
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ANALYSIS    OF   TWENTY-FOUR    CASES    OF   THROMBOSIS    OF    VEINS    OF 
NECK,-  ARM   AND    CHEST    IN    HEART    DISEASE. 

Sex.  Seventeen  cases  were  of  females,  five  of  males,  and  of  two 
the  sex  is  not  stated.  While  the  total  number  of  cases  is  too  small  to 
warrant  percentage  estimates,  there  can  be  no  doubt  that  females  are 
much  more  disposed  to  this  form  of  thrombosis  than  males.  Whether 
this  disposition  is  more  than  an  expression  of  the  greater  liability  of 
females  to  the  mitral  lesions  present  at  the  ages  in  the  cases  observed, 
I  must  leave  an  open  question.  The  figures  seem  somewhat  out  of 
proportion  to  this  greater  tendency. 

Age.  One  patient  was  nine  years  old,  6  were  between  ten  and 
twenty,  3  between  twenty  and  thirty,  3  between  thirty  and  forty,  2 
between  forty  and  fifty,  3  between  fifty  and  sixty,  and  of  6  the  age  is 
not  stated.  Of  the  18  patients  with  thrombosis  of  the  neck  and  arms 
whose  ages  are  stated,  nearly  one-half  (8)  were  between  fifteen  and 
thirty  years  of  age.     The  youngest  was  nine  and  the  oldest  fifty-three. 

Valvular  Lesions.  In  2  cases  the  exact  nature  of  the  valvular 
lesion  is  not  stated.  Of  the  remaining  22  cases,  there  was  organic 
disease  of  the  mitral  valve  in  21  ;  in  the  exceptional  case  there  was 
aortic  insufficiency  with  relative  mitral  incompetence. 

The  mitral  lesion  is  described  as  insufficiency  in  9  cases,  as  stenosis 
in  6,  and  as  stenosis  and  insufficiency  in  6.  In  the  last  group  there 
were  at  least  3  instances  of  extreme  stenosis.  The  aortic  valves  were 
aff*ected  in  10  cases,  in  all  of  these  there  being  incompetence,  some- 
times also  with  obstruction. 

The  organic  valvular  lesion  was  limited  to  the  mitral  valve  in  12 
cases,  to  the  aortic  valve  in  1,  to  the  mitral  and  aortic  valves  in  6, 
to  the  mitral,  aortic  and  tricuspid  valves  in  2,  and  in  1  case  all  of  the 
valves  were  organically  diseased. 

In  all  of  these  cases  there  was  chronic  disease  of  the  valves.  In 
five  cases  there  appears  to  have  been  a  fresh  endocarditis  engrafted 
upon  the  chronic  aff"ection,  and  it  is  possible  that  in  some  other  cases 
this  was  present,  but  in  the  majority  of  the  observations  there  was  no 
acute  endocarditis. 

Adherent  pericardium  was  noted  in  four  cases,  acute  pericarditis 
in  one. 

It  is  evident  that  the  association  of  thrombosis  of  the  upper  veins 
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with  valvular  disease  of  the  heart  is  almost,  although  not  wholly, 
limited  to  cases  of  mitral  disease,  those  of  mitral  stenosis,  with  or  with- 
out insufficiency,  taking  the  lead.  The  preponderance  of  females  and 
of  patients  under  middle  age  is  thus,  at  least  in  great  part,  explained. 
That  the  complication  may  occur  in  men  in  advanced  life  with  gen- 
eral arterio-sclerosis  and  chronic  Bright's  disease  associated  with  car- 
diac disease  is  shown  by  Case  V. 

Relation  to  Rheumatism.  As  is  to  be  expected  from  its  nature, 
the  valvular  lesion  was  most  frequently  caused  by  acute  articular 
rheumatism,  of  which  there  was  a  distinct  history  in  a  little  over  half 
the  cases,  but  other  infectious  diseases  (scarlet  fever,  pneumonia,  in- 
fluenza, puerperal  infection,  diphtheria,  syphilis,  and  chorea)  also  had 
a  share  in  the  causation.  In  a  number  of  instances  the  valvular 
trouble  seems  to  have  developed  insidiously.  There  is,  therefore, 
nothing  peculiar  in  the  antecedent  histories. 

Although  several  observers  regarded  the  occurrence  of  the  throm- 
bosis as  a  direct  manifestation  of  rheumatism,  only  in  three  cases  was 
there  any  painful  swelling  of  a  joint  present  shortly  before  or  during 
the  attack  of  thrombosis. 

Relation  to  Cardiac  Insufficiency.  In  the  great  majority  of 
cases  the  thrombosis  appeared  during  a  condition  of  failure,  generally 
extreme  failure,  of  compensation  of  advanced  mitral  disease.  The 
frequency  with  which  pulmonary  infarction  was  observed  at  autopsy 
is  one  of  the  many  evidences  of  this.  Relative  insufficiency  of  the 
tricuspid  valve  and  pulsation  of  the  cervical  veins  were  noted  in  many 
of  the  cases,  and  very  likely  were  present  in  some  of  those  in  whose 
histories  they  are  not  noted,  but  it  does  not  appear  that  these  condi- 
tions, although  contributory,  are  necessary  factors  in  the  causation  of 
the  thrombosis. 

Location  of  the  Thrombi.  A  fact  which  at  once  arrests  atten- 
tion is  that  the  thrombosis  affected  veins  of  the  left  side  in  22  out  of 
the  24  cases,  of  which  15  were  unilateral  and  7  bilateral.  In  only  2 
cases  were  veins  of  the  right  side  alone  affected.  Bilateral  thrombosis 
is,  therefore,  more  common  than  unilateral  right-sided  thrombosis,  and 
unilateral  left-sided  thrombosis  is  by  far  the  most  common  form  of  the 
disease.  The  hypotheses  in  explanation  of  this  distribution  will  be 
considered  later. 

In  7  cases  the  thrombosis  was  apparently  limited  to  the  arm  veins. 
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in  1  to  veins  of  the  neck,  and  in  16  cases  veins  both  of  the  neck  and 
arms  were  thrombosed.  In  1  case  the  thrombus  was  confined  to  the 
left  subclavian  vein,  in  1  to  the  left  internal  jugular,  and  in  2  to  the 
left  brachial.  In  all  the  other  cases  more  than  one  vein  was  throm- 
bosed, the  combination  varying  in  different  cases,  the  most  common 
being  continuous  thrombosis  of  the  left  innominate,  internal  and  ex- 
ternal jugular,  subclavian,  and  axillary  veins.  The  superior  vena 
cava  was  partly  or  wholly  thrombosed  in  6  cases  (confirmed  by  autopsy 
in  4),  the  innominate  in  11  (confirmed  by  autopsy  in  8),  the  internal 
jugular  in  14  (autopsy  in  11),  the  external  jugular  in  12  (autopsy 
in  8),  the  subclavian  in  16  (autopsy  in  13),  the  axillary  in  11,  the 
brachial  in  6,  the  inferior  thyroid  in  1,  and  the  left  lateral  sinus  of 
the  brain  in  1. 

The  commonest  starting-point  for  the  thrombus  was  the  lowest  part 
of  the  left  internal  jugular  (bulb),  or  of  the  left  external  jugular  vein 
and  the  left  innominate  or  subclavian  vein  near  the  entrance  of  the 
jugulars.  In  many  cases  this  was  clearly  demonstrated  by  the  appear- 
ances of  the  thrombus  and  the  venous  wall  in  these  situations.  The 
thrombus  may,  however,  originate  in  other  veins,  especially  in  valvular 
pockets  of  the  veins  in  the  left  arm. 

The  most  extensive  thrombosis  was  that  recorded  by  Poynton  (Case 
XXVIII.),  in  which  there  was  occlusion  of  the  superior  vena  cava  in 
its  upper  two-thirds,  of  both  innominate,  internal  and  external  jugular, 
subclavian,  and  axillary  veins,  and  the  left  inferior  thyroid  vein. 

The  thrombus  was  generally  a  continuous  one,  apparently  originat- 
ing in  one  vein,  whence  it  was  propagated  into  peripheral  veins  and 
also  centrally,  even  into  the  superior  vena  cava. 

Characters  of  the  Thrombi  and  Venous  Walls.  The  thrombi 
were  mixed,  the  prevailing  color  being  dark  red.  The  older  parts 
were  gray  or  reddish-gray  and  adherent.  The  fullest  description  of 
the  microscopical  characters  is  that  which  I  have  recorded  under 
Case  I.  In  a  few  instances  the  thrombus  was  centrally  softened,  but 
in  most  it  was  solid  and  completely  occluding  except  at  the  ends  and 
except  in  the  mural  thrombus  mentioned  in  Case  XXVIII.  The  older 
thrombi  were  usually  more  or  less  advanced  in  organization.  Bacte- 
ria were  searched  for  in  apparently  only  3  cases,  and  were  found  only 
in  my  Case  I.,  the  organism  here  being  Streptococcus  pyogenes. 

In  7  cases  it  was  noted  that  the  wall  of  the  thrombosed  vein  was 
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thickened,  but  this  thickening  was  generally  regarded  as  secondary 
to  the  formation  of  the  thrombus,  which  was  two  or  more  weeks  old. 
Only  in  Helen  Baldwin^s  case  and  in  Case  V.  is  it  distinctly  stated 
that  the  appearances  indicated  phlebo-sclerosis  (subclavian  vein)  ante- 
dating the  thrombus.  In  two  of  Poynton's  cases  the  jugular  and 
innominate  veins,  where  the  oldest  part  of  the  thrombus  was  situated^ 
were  narrowed,  white,  and  firm,  and  a  similar  condition  was  noted  by 
Robert.  Chronic  disease  of  the  veins  evidently  plays  only  a  minor 
part  in  the  causation  of  the  thrombosis  in  these  cases. 

Effects  and  Symptoms.  The  anatomical  lesions  outside  of  the 
vessels  directly  referable  to  the  thrombosis  were  oedema  of  the  tissues 
and  swelling  of  the  lymphatic  glands.  The  oedema  cannot  always  be 
explained  entirely  as  the  result  of  venous  congestion,  but  is  in  part 
inflammatory,  as  is  true  in  general  of  the  oedema  in  phlegmasia. 
Swollen  lymphatic  glands,  which  were  sometimes  hemorrhagic  or  pig- 
mented, were  often  observed  in  the  neighborhood  of  the  thrombosed 
vefhs.  This  swelling  was  generally  acute  and  evidently  secondary  to 
the  thrombosis,  but  Kahn  attributed  the  exceptional  localization  of  the 
thrombus  in  the  right  subclavian  vein  in  his  case  (XX.)  to  the 
pressure  of  previously  enlarged  glands.  Poynton  noticed  cerebral 
oedema  in  one  of  his  cases  which  had  manifested  brain  symptoms. 

The  local  symptoms  are  the  usual  ones  of  venous  thrombosis  :  pain, 
tenderness,  oedema,  the  presence  of  hard,  sensitive  venous  cords,  and 
distention  of  superficial  veins.  Often  the  pain,  sometimes  the  oedema, 
was  the  first  symptom.  The  oedematous  swelling  may  be  hard  and 
brawny,  or  softer,  as  in  dropsy.  In  some  cases  the  pain  and  oedema- 
tous swelling  were  first  manifest  in  the  neck,  in  others  in  the  arm. 
Extension  of  the  oedema  to  the  front  and  side  of  the  upper  part  of 
the  thorax  was  repeatedly  noted.  Occasionally  the  side  of  the  face 
corresponding  to  the  thrombosis  was  oedematous.  The  extent  and 
distribution  of  the  oedema,  while  dependent  in  the  first  instance  upon 
the  extent  and  location  of  the  thrombosis,  were  influenced,  as  is  usual 
in  venous  thrombosis,  by  other  factors,  so  that  they  varied  much  in 
cases  with  the  same  distribution  of  the  thrombi. 

Constitutional  symptoms  of  the  thrombosis,  if  present,  could  not 
readily  be  separated  from  those  of  associated  conditions.  The  marked 
difference  between  the  buccal  and  rectal  temperatures  observed  in 
Helen  Baldwin's  case  (XXII.)  is  interesting.     Cerebral   symptoms. 
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attributed  by  Poynton  to  cerebral  oedema,  were  observed  in  a  few 
cases. 

As  is  illustrated  by  Case  V.,  the  only  symptom  of  the  thrombosis 
may  be  oedema,  usually  of  the  left  arm,  the  patient  suffering  little  or 
no  inconvenience  from  the  swelling,  and  the  affection  being  recognized 
sometimes  almost  accidentally. 

Hanot,  in  1874,  called  attention  in  a  short  note  to  the  more  rapid 
onset  and  the  longer  persistence  of  oedema  of  the  left  arm,  as  compared 
with  the  right,  in  cardiac  affections,  and  he  explained  this  peculiarity 
by  the  greater  length  and  obliquity  of  the  left  innominate  vein.  It 
would  appear,  therefore,  that  oedema  limited  to  or  in  excess  in  the  left 
arm  in  heart  disease  should  not  be  regarded  as  positive  evidence  of 
thrombosis  of  veins  conveying  blood  from  this  extremity.  While  this 
is  doubtless  true,  it  is  desirable,  in  view  of  the  cases  reported  in  this 
paper,  to  search  carefully  in  these  instances  for  other  evidences  of 
thrombosis. 

Prognosis.  Of  the  twenty-four  cases,  twenty  ended  fatally  and  four 
(Cases  II.,  VII.,  XIII.,  and  XXI.)  recovered.  The  gravity  of  the 
prognosis  doubtless  mainly  results  from  the  circumstance  that  the  oc- 
currence of  the  thrombosis  is  in  itself  an  index  of  extreme  failure  of 
compensation  of  the  valvular  lesion,  being  sometimes  scarcely  more 
than  a  terminal  event.  We  know  that  occlusion  of  the  superior  vena 
cava  and  its  large  tributaries,  due  to  other  causes,  may  be  completely 
compensated  by  the  development  of  a  collateral  circulation,  and  there 
are  instances  of  this  even  in  the  present  group  of  cases  (VII.  and 
XXI.),  so  that  it  is  less  the  venous  occlusion  than  the  condition  of  the 
heart  and  the  frequent  presence  of  pneumonia  or  other  terminal  infec- 
tions which  makes  the  issue  so  unfavorable.  In  rare  instances,  throm- 
bosis of  the  upper  veins  may  occur  at  a  period  when  the  compensation 
is  not  badly  broken  (Case  II.).  Large  pulmonary  embolism  was  not  ob- 
served. Whether  pulmonary  infarcts,  which  were  frequently  present, 
were  attributable  to  emboli  derived  from  the  venous  thrombi  was  not 
determined.  The  duration  in  the  fatal  cases  of  thrombosis  varied 
from  two  days  to  six  weeks. 

Causation.  Although  five  of  the  cases  were  reported  as  instances 
of  rheumatic  phlebitis,  it  does  not  seem  to  me  demonstrated  that  even 
in  these  cases  (XII.,  XIX.,  XXVI.,  XXVII.,  XXVIII.)  this  was  the 
correct  explanation,  and  it  is  certain  that  the  great  majority  of  cases 

AmPhys  30 


466  WELCH, 

cannot  be  explained  in  this  way.  It  is  true  that  phlebitis,  or  venous 
thrombosis,  is  a  genuine,  although  infrequent,  complication  of  acute 
rheumatism,  and  there  is  some  evidence  that  it  may  affect  veins  of  the 
upper  extremities  somewhat  more  frequently  than  does  thrombosis  due 
to  most  other  causes,  but  there  is  no  such  enormous  preponderance  of 
upper  thromboses  as  in  the  class  of  cases  now  under  consideration. 
As  alreaded  mentioned,  the  histories  of  the  cases  do  not  support  the 
view  that  rheumatism  had  more  than  a  minor  share  in  the  immediate 
causation  of  the  thrombosis.  There  is  no  reason,  however,  why  acute 
rheumatism,  like  other  infections,  may  not  directly  participate  in  the 
causation  of  the  venous  thrombosis, 

French  writers  (Peter,  Parmentier,  Kahn,  Huchard)  attribute  the 
thrombosis  to  cardiac  cachexia  combined  with  circulatory  disturbances. 
They  say  that  this  cardiac  cachexia  (so  designated  by  Andral)  is  some- 
thing to  be  distinguished  from  asystole — that  is,  from  mere  breakage 
of  compensation.  They  bring  this  class  of  thromboses,  therefore,  into 
line  with  that  complicating  tuberculosis  and  cancer,  and  explain  the 
peculiar  localization  by  the  particular  disturbances  of  the  circulation 
in  cardiac  disease.  The  underlying  cause,  according  to  this  view,  is 
-some  alteration  in  the  chemical  composition  of  the  blood.  It  is  diffi- 
cult to  say  how  much  weight  is  to  be  attached  to  this  explanation. 
In  many  cachectic  conditions  there  fs  an  increase  in  the  blood  plate- 
lets, attributable  probably  to  weakened  resistance  of  the  red  corpuscles, 
and  some  writers  have  brought  cachectic  thromboses  into  relationship 
with  this  increase.  According  to  van  Emden,  the  number  of  plate- 
lets is  diminished  in  the  chronic  congestion  of  heart  disease.  I  know 
of  no  observations  concerning  the  number  of  platelets  in  these  cases  of 
heart  disease  with  venous  thrombosis.  I  could  find  nothing  in  the 
histories  of  most  of  the  cases  indicating  any  peculiar  cachexia,  and  I 
am  not  inclined  to  regard  this  explanation  of  the  thrombosis  of  heart 
disease  as  a  satisfactory  one. 

The  first  thing  which  needs  explanation  is  the  localization  of  the 
thrombosis  in  the  veins  receiving  blood  from  the  upper  part  of  the 
body,  and  especially  from  the  left  side.  Hanot  and  Parmentier  ex- 
plain the  preference  for  the  left  side  by  the  greater  length  and  ob- 
liquity of  the  left  innominate  vein,  so  that,  like  the  return  flow  of  blood 
from  the  left  leg,  that  from  the  left  arm  and  left  side  of  the  neck  is 
more  difficult  than  from  the  right  side,  this  difficulty  being,  of  course, 
most  in  evidence  in  the  venous  congestion  of  uncompensated  cardiac 
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disease.  HirschlafF  suggests  that  an  additional  factor  may  be  the 
greater  frequency  of  imperfect  development  and  of  insufficiency  of  the 
valve  near  the  junction  of  the  internal  jugular  and  subclavian  veins  on 
the  left  than  on  the  right  side.  To  these  factors  I  would  add  pressure, 
either  direct  or  indirect,  on  the  left  subclavian  vein  from  the  dilated 
left  auricle  and  dilated  large  pulmonary  vessels.  Popoff  noted  pressure 
from  this  source  on  the  left  subclavian  artery  in  mitral  stenosis  with 
insufficiency  as  a  cause  of  relative  weakness  of  the  left  radial  pulse 
(pulsus  differens).  I  would  refer  to  his  article  for  a  consideration  of 
the  factors  concerned  in  producing  this  pressure.  A  large  accumula- 
tion of  fluid  in  the  left  pleural  cavity,  which  was  noted  in  many  of  the 
cases,  may  also  contribute  to  this  pressure. 

Peter,  in  1873,  was  the  first  to  suggest  that  the  frequency  with 
which  the  thrombus  starts  from  the  lower  ends  of  the  jugulars  is  to  be 
explained  by  the  presence  of  valves  in  this  situation.  I  am  inclined 
to  lay  emphasis  upon  the  readiness  with  which  an  eddying  or  whirling 
motion  of  the  blood  may  be  set  up  in  heart  disease  in  the  lower  ends 
of  the  jugulars  and  the  adjacent  parts  of  the  innominate  and  sub- 
clavian veins.  Yon  Recklinghausen  has  brought  forward  strong  evi- 
dence that  this  whirling  movement  (Wirbelbewegung)  of  the  blood  is 
of  great  importance  in  determining  the  localization  of  thrombi  in  gen- 
eral. The  valves,  the  bulbous  enlargement  at  the  lower  end  of  the 
internal  jugular,  the  attachment  of  veins  to  fasciae,  and  the  com- 
ing together  here  at  oblique  and  right  angles  of  currents  of  blood 
with  different  pressures  and  velocities,  seem  well  calculated  to  cause 
in  these  veins  whirling  or  vortical  motion  of  the  blood  current,  espe- 
cially in  the  circulatory  conditions  of  broken  compensation  of  mitral 
lesions.  Most  favorable  to  this  peculiar  disturbance  of  the  circulation 
would  be  tricuspid  insufficiency  with  systolic  reflux  of  blood  into  the 
veins.  I  would  explain,  therefore,  the  special  localization  of  the  venous 
thrombosis  complicating  cardiac  disease,  on  the  one  hand  by  the 
particular  disturbance  of  the  circulation,  and  on  the  other  by  the  ana- 
tomical disposition  and  structure  of  the  veins. 

These  factors,  however,  explain  only  why  certain  veins  are  the  seat 
of  election  for  the  thrombi.  The  circulatory  conditions  described 
must  often  exist  within  these  veins  in  uncompensated  cardiac  diseases, 
whereas  venous  thrombosis  is  a  rare  complication  of  heart  disease.  In 
the  case  which  first  directed  my  attention  especially  to  this  subject, 
and  which  I  have  here  reported  as  Case  I.,  an  immediately  exciting 
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cause  for  the  thrombosis  was  discovered  by  the  demonstration  of  bac- 
teria in  the  thrombus.  This  is  the  only  case  in  the  entire  list  in  which 
micro-organisms  were  found,  but,  so  far  as  I  can  gather,  in  only  three 
other  cases  were  bacteria  especially  looked  for,  and  it  does  not  appear 
that  in  any  of  these  latter  were  cultures  made  from  the  thrombus. 
Such  cultures  are,  of  course,  necessary  in  order  to  exclude  the  pres- 
ence of  bacteria,  and,  indeed,  our  experience  has  been  that  even  a 
negative  result  from  cultures  is  not  absolutely  decisive.  Evidence  has 
accumulated  in  recent  years  in  support  of  the  infectious  origin  of 
many  thrombi.  Dr.  Harris  and  Mr.  Longcope,  who  will  report  their 
observations  later,  have  now  examined  in  my  laboratory  bacterio- 
logically  forty-four  thrombi,  mostly  peripheral  venous  thrombi  of  the 
so-called  marantic  type,  and  in  thirty-four  of  these  have  demonstrated 
the  presence  of  bacteria.  As  has  been  shown  by  Dr.  Flexner  in  my 
laboratory,  terminal  infections  are  not  uncommon  in  heart  disease. 
The  histories  and  autopsies  of  many  of  the  twenty-four  cases  now 
under  consideration  revealed  some  infectious  process,  usually  in  the 
lungs,  such  as  bronchitis,  pneumonia,  and  pleurisy.  While,  there- 
fore, it  would  be  quite  unwarrantable,  from  existing  evidence,  to  refer 
this  class  of  venous  thromboses  in  cardiac  disease  positively  to  infec- 
tion, this  seems  to  me  at  present  the  most  probable  explanation. 
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DISCUSSION. 

Dr.  Kinnicutt  :  The  lesion  which  Dr.  Welch  has  described  occurred  in 
a  patient  under  my  personal  observation.  A  gentleman,  fifty-eight  years 
of  age,  suffering  from  mitral  stenosis  and  insufficiency,  suddenly  developed 
swelling  of  the  left  upper  extremity,  with  pain  and  sensitiveness  along  the 
course  of  the  branches  of  the  brachial  plexus  above  the  elbow.  In  the 
course  of  twenty-four  hours  the  swelling  extended  to  the  left  side  of  the 
neck  and  face  as  high  up  as  the  ear.  The  patient's  condition  was  a  grave 
one  for  several  days,  but  recovery  occurred  with  the  establishment  of  an  im- 
perfect collateral  circulation.  Fair  health  was  enjoyed  for  ten  years,  when  a 
thrombosis  of  the  perineal  vein  suddenly  occurred,  from  which  at  the  pres- 
ent date  he  was  slowly  recovering. 

Dr.  Gary:  I  had  a  case  of  this  kind  just  before  leaving  home,  throm- 
bosis starting  in  the  internal  saphenous  vein  and  involving  finally  the  super- 
ficial veins  of  both  upper  extremities.  I  would  like  to  ask  if,  in  addition  to 
the  mechanical  causes  suggested  by  Dr.  Welch,  he  does  not  regard  pressure 
on  the  superior  vena  cava  by  the  left  auricle  as  an  important  factor?  For  it 
is  certainly  true  that  the  left  auricle  is  dilated  in  all  cases  of  true  mitral 
obstruction,  and  its  relation  to  the  cava  would  cause  obstruction  in  veins 
rather  than  below  the  heart. 

Dr.  BIGK58 :  I  would  like  to  speak  of  a  case  which  shows  all  the  character- 
istics described — a  young  woman,  whose  age  I  do  not  remember,  something 
over  twenty  years — with  mitral  insufficiency  and  broken  compensation  devel- 
oped, one  month  after  coming  under  observation,  extensive  oedema  of  the 
left  arm  and  of  the  surface  of  the  chest  and  left  side  of  the  neck.  She  had 
very  severe  pain  in  that  side.  She  lived  about  four  weeks,  and  at  autopsy 
we  found  thrombi  in  the  left  internal  jugular,  the  left  innominate,  and  left 
subclavian.  The  oldest  portion  of  the  thrombus  was  situated  in  the  bulb  of 
the  internal  jugular,  as  shown  by  softening  there.  It  seems  to  have  been  a 
case  exactly  similar  to  those  described  in  Dr.  Welch's  paper, 

Dr.  Welch  :  I  am  not  surprised  to  find  that  members  of  the  Association 
have  observed  cases  similar  to  those  which  I  have  reported,  for  in  bringing 
this  paper  before  the  Association  I  felt  quite  sure  that  other  instances  of  this 
complication  of  cardiac  disease  would  come  to  light.  Dr.  Janeway  has  told 
me  to-day  that  he  has  seen  three  such  cases,  and  I  anticipate  that  reports  of 
venous  thrombosis  in  heart  disease  will  follow  the  publication  of  this  paper. 
It  seems  remarkable  that  this  interesting  and  peculiar  type  of  thrombosis 
should  not  have  received  attention  in  text-books  on  diseases  of  the  heart. 

I  omitted,  in  condensing  my  paper  in  its  presentation  to  you,  the  part  in 
which  I  consider  the  influence  of  dilatation  of  the  left  auricle  in  favoring 
the  occurrence  of  thrombosis,  and  I  will  now  read  the  sentences  relating  to 
that  point.     (These  were  read.) 


A  CASE  OF  MULTIPLE  FIBROMATA  OF  THE  NERVES, 
WITH  ARTHRITIS  DEFORMANS. 

By  ROBERT  B.  PREBLE,  M.D., 

AND 

LUDVIG  HEKTOEN,  M.D., 

OP  CHICAGO. 


Clinical  History  (Dr.  Preble).  The  patient,  female,  J.  S.,  aged  thirty- 
five  years,  comes  from  a  healthy  family.  The  parents  are  living  and  in  good 
health.  One  grandfather  suffered  from  rheumatism  and  died  in  advanced 
years.  The  other  grandfather  died  of  dysentery  contracted  in  the  Rebellion. 
One  grandmother  is  living  and  in  good  health,  considering  her  age.  The 
other  grandmother  died  of  some  disease  unknown.  In  short,  the  family  his- 
tory presents  nothing  of  interest — especially  is  there  no  history  of  any  tumors 
in  any  way  resembling  the  tumors  presented  by  the  patient. 

When  very  young  a  tumor  appeared  on  the  forehead  and  grew  slowly  to 
about  the  size  of  a  pigeon-egg.  Because  of  the  disfigurement,  effort  at  removal 
was  made  by  a  doctor,  who,  to  judge  from  the  account  of  the  friends,  per- 
formed some  sort  of  a  morcellating  operation,  rather  than  make  any  attempt 
at  radical  removal.  Shortly  after  this  other  tumors  appeared  irregularly  and 
in  great  numbers  over  the  entire  body. 

The  patient  passed  through  many  of  the  ordinary  diseases  of  childhood, 
and  reached  young  womanhood  without  any  other  abnormality  than  the 
tumors  to  be  described  later.  But  gradually  she  began  to  suffer  from  pains 
and  weakness,  which  gradually  increased  until  they  caused  complete  disa- 
bility. 

She  gives  a  history  of  a  complete  paraplegia  without  bladder  or  rectal  dis- 
turbances, which  ceased  spontaneously  long  before  she  was  examined  by  me. 
From  the  history  given,  I  am  inclined  to  believe  that  the  paraplegia  was 
hysterical. 

Some  years  after  the  appearance  of  the  tumors,  but  just  when  neither  she 
nor  her  friends  can  recall,  she  began  to  show  the  beginnings  of  the  joint 
changes  which  are  now  so  marked.  These  consisted  of  swelling  and  deform- 
ity, but  there  was  not  much  pain.  The  joints  first  and  most  involved  were 
the  smaller  joints  of  the  hands;  the  changes  began  symmetrically. 

The  tumors  have  not  caused  much  disturbance,  as  a  rule;  some  few  of  them 
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have,  however,  been  painful.  The  patient  insists  that  they  vary  in  size  from 
time  to  time,  and  that  some  have  entirely  disappeared  spontaneously.  This 
has  been  noted  mainly  on  the  hands.  Some  two  years  before  I  saw  her  one 
of  the  tumors  on  the  left  thigh,  high  up  on  the  posterior  surface,  ulcerated, 
and  in  spite  of  every  care  and  manner  of  treatment  the  ulcer  has  never 
healed.  The  patient  was  seen  first  in  1894,  complaining  of  abdominal  pain, 
described  as  drawing  in  character  and  tending  constantly  to  pull  her  forward. 
She  complained  also  of  pains  in  her  legs  and  feet.  It  was  extremely  difficult 
for  her  to  get  from  her  bed  to  her  chair,  and  walking  was  impossible.  The 
ulcer  on  the  thigh  was  painful  and  troublesome.  This,  briefly,  was  her  com- 
plaining. 

Examination  shows  a  small,  emaciated  and  deformed  woman,  looking  many 
years  older  than  thirty-five.  The  mind  is  clear,  and  the  intelligence  fair, 
although  she  is  irritable  and  unreasonable,  as  one  might  expect  in  one  confined 
to  her  room  for  years  with  so  painful  and  distressing  an  illness.  The  skin  is 
pale,  and  without  any  areas  or  flecks  of  pigmentation.  It  is  marked  by  many 
tumors  which  vary  in  size  and  appearance.  Over  the  forehead  are  small 
tumors  up  to  the  size  of  a  small  bean,  arranged  in  irregular  and  tortuous 
strings,  so  that  they  give  through  the  skin  a  sensation  not  unlike  that  of  a 
scrotal  varicocele.  They  are  not  painful  or  tender.  They  extend  not  only 
across  the  forehead  but  back  also  into  the  hair.  There  are  other  tumors  on 
the  face,  but  none  presenting  this  racemose  arrangement.  The  tumors  of  the 
skin  over  the  neck,  body,  and  limbs  >vary  in  size  from  a  large  pin-head  to  the 
size  of  a  nut.  Some  are  sessile,  some  are  pedunculated.  They  are  covered 
usually  by  a  thin  and  wrinkled  skin,  although  some  of  them  are  quite  smooth 
and  shining.     None  are  pigmented  or  hairy.     None  are  painful. 

In  addition  to  the  tumors  of  the  skin  we  find  others  in  the  deeper  parts, 
fusiform  or  ovoid  tumors,  which  show  a  disposition  to  arrange  themselves 
parallel  to  the  long  axis  of  the  neck  or  limb.  They  permit  of  lateral  but  not 
of  longitudinal  motion.  They  vary  in  size  up  to  that  of  a  large  potato.  They 
are  not  attached  to  the  skin,  which  is  in  no  way  altered.  With  the  exception 
of  one  in  the  neck  they  are  not  painful. 

On  the  posterior  surface  of  one  thigh  is  an  ulcer  about  half  an  inch  in 
diameter  and  more  than  that  in  depth.  The  borders  are  sharply  marked, 
and  although  every  effort  has  been  made  to  favor  healing,  the  ulcer  has  not 
improved  in  months,  nor  did  it  ever  improve.  It  looked  exactly  like  the 
perforating  ulcers  seen  on  the  feet  of  patients  suffering  from  tabes. 

Examination  of  the  hands  shows  very  great  deformity.  The  deformity  is 
symmetrical  and  began  in  the  smaller  joints.  The  joint  surfaces  are  entirely 
destroyed  and  the  capsule  so  relaxed  as  to  allow  motion  in  all  directions.  The 
resulting  deformity  is  as  great  as  is  seen  in  a  well-marked  arthritis  deformans, 
but  it  is  not  exactly  like  that  seen  in  a  typical  case.  The  wrist-joints  are 
similarly  affected.  The  knee-  and  hip-joints  are  anchylosed.  Motion  of  the 
jaw  is  limited,  and  there  is  considerable  deformity  of  the  spine. 

The  organs  of  the  thorax  and  abdomen  presented  no  variations  from  the 
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normal  and  were  performing  their  functions  perfectly.  The  blood  showed  a 
moderate  reduction  in  the  percentage  of  haemoglobin,  but  otherwise  was 
normal. 

Pelvic  examination  under  anaesthesia  showed  a  virgin  uterus  which  was 
normal  in  all  respects.  High  up  in  the  pelvis  and  abdomen  there  were  tumors 
which  exactly  resembled  those  seen  on  the  limbs. 

The  nervous  system  presented  no  alteration  whatever.  All  of  the  cranial 
nerves  were  in  perfect  condition.  All  of  the  elements  of  the  sense  of  touch 
were  perfect.  There  were  no  paralyses  anywhere.  The  leg  reflexes  could 
not  be  examined  because  of  the  anchylosis  of  the  joints. 

As  time  went  on  the  patient  became  more  and  more  wretched.  Against 
the  advice  of  the  physician,  she  was  supplied  with  morphine,  and  became  a 
morphine  fiend.  There  was  no  essential  change  in  her  condition  except  for 
the  rather  rapidly  increasing  deformity  of  the  spine,  the  kyphosis  increasing 
until  the  chin  almost  came  in  contact  with  the  pubes.  She  continued  to 
amuse  herself,  as  she  had  for  years,  by  making  little  trinkets  and  fancy  arti- 
cles, doing  this  in  spite  of  the  deformity  of  the  hands.  No  essential  change 
in  her  condition  occurred  except  for  a  peculiar  thickening  of  the  skin  of  the 
leg.  The  pain  in  the  abdomen  and  legs  continued.  No  paralyses  or  disturb- 
ance of  the  bladder  or  rectum  appeared.  About  ten  days  before  death  gan- 
grene of  the  toes  of  the  left  foot  appeared.  Her  pain  became  more  severe, 
and  death  occurred  without  any  apparent  definite  cause. 

Post-mortem  Examination  (Dr  Hektoen).  Female  body,  five  feet  three 
inches,  slight  rigor,  extreme  and  uniform  emaciation  ;  the  body  is  greatly 
deformed  on  account  of  a  marked  kyphoscoliosis,  whose  greatest  curve  lies 
in  the  lumbosacral  spine,  with  its  convexity  to  the  right  and  backward  ;  in 
the  cervical  region  is  a  smaller  curve  with  the  convexity  to  the  left.  The 
knee-joints  are  fixed  at  right  angles,  and  the  head  of  the  tibia  partly  dislo- 
cated backward.  Both  hip-joints  are  immobile,  and  the  thighs  are  flexed  on 
the  abdomen.  The  shoulder-  and  elbow-joints  are  stiff.  The  left  wrist-joint 
and  the  right  ulnocarpal  joint  are  apparently  completely  disorganized  and 
flail-like;  also  the  joints  of  the  thumbs,  the  distal  phalanges  of  which  are 
flexed  outward  at  right  angles.  There  is  palmar  dislocation  of  all  the  pha- 
langes of  both  hands,  more  marked  in  the  left.  The  phalangeal  joints  of  the 
first  and  fourth  fingers  of  the  right  hand  are  flail-like— second  and  third 
fingers  are  not  changed.  The  small  joints  of  the  left  hand  are  changed  to 
less  degree.  The  nails  of  the  fingers  are  not  changed.  The  ankle-joints  and 
the  joints  of  the  feet  are  changed  in  a  similar  manner.  The  skin  of  the  toes 
of  the  right  foot  is  dry,  covered  by  scales,  toe  ends  glossy,  the  nails  greatly 
thickened  and  furrowed.  The  toes  and  dorsum  of  the  left  foot  are  the  seat  of 
a  moist,  foul  gangrene.  Upon  the  inner  surface  of  the  right  leg  is  an  oval 
area  of  furrowed,  horny  thickening  of  the  skin,  raised  5  mm.  above  the  gen- 
eral surface,  6x3  cm.  in  extent.  Over  the  tuberosity  of  the  right  ischium  is 
a  deep,  oval  sore. 

The  skin  shows  also  innumerable  tumors,  varying  in  size  from  a  pin-head 


Fig,  1. 


Showing  tumors  of  pneumogastric  and  cervical  sympathetic  nerves  and  their  branches. 
At  a  subpericardial  tumor  nodule. 


Fig.  2. 


Tumors  of  sciatic  nerves  and  their  branches.    At  a  large  tumor  connected  with  small 
intermuscular  nerve. 
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to  a  pecan-nut,  quite  movable  and  unattached  to  deeper  structures,  some 
barely  raised  above  the  surface,  some  almost  pedunculated.  Over  some  the 
skin  is  smoothly  drawn,  over  others  it  is  lax  and  wrinkled ;  they  are  either 
round  and  globular  or  oval  and  flattened ;  in  many  places  they  show  a  dispo- 
sition to  arrange  themselves  in  lines  ;  in  the  forehead  and  scalp  they  have  a 
plexiform  arrangement;  they  are  probably  most  numerous  in  the  skin  of  the 
face  and  neck,  the  largest  one  being  situated  in  the  subcutaneous  tissue  of 
the  right  side  of  the  neck ;  they  are  also  very  numerous  in  the  skin  of  the 
hands,  especially  the  right;  over  the  trunk  they  occur  quite  richly,  occurring 
in  parallel  lines  along  some  ot  the  ribs ;  the  skin  of  the  legs  contains  the 
smallest  number. 

The  peritoneal  cavity  is  empty,  its  lining  smooth  and  shining.  The  stom- 
ach is  more  vertical  than  usual,  the  lowest  limit  of  the  large  curvature  reach- 
ing below  the  umbilicus  ;  the  caecum  and  vermiform  appendix  lie  in  the  true 
pelvis,  pressing  the  uterus  and  ovaries  against  the  lateral  and  anterior  walls 
and  the  bladder ;  the  transverse  colon  describes  a  large  curve,  the  convexity 
reaching  to  the  lowermost  part  of  the  cavity.  The  diaphragm  reaches  to  the 
fifth  rib  on  both  sides. 

Both  pleural  cavities  are  empty,  the  pleurae  smooth.  The  right  pleural 
cavity  becomes  very  small  in  the  lower  part.  Running  along  the  lower  edge 
of  some  of  the  ribs  are  extrapleural  rows  of  small  nodules. 

The  phrenic  nerve  presents  a  few  small  cylindrical  enlargements  as  it  runs 
over  the  pericardium,  which  is  empty  and  smooth. 

There  is  no  fat  in  the  subserous  tissue  anywhere. 

The  tongue,  pharynx,  and  oesophagus  are  quite  normal.  The  larynx  and 
trachea  are  also  normal.     The  thyroid  is  normal  in  size,  the  thymus  absent. 

The  lungs  crepitate ;  they  are  rather  light  and  spongy  ;  the  cut  surface  is 
not  much  pigmented  and  is  rather  bloodless  ;  there  is  no  bronchitis ;  the  peri- 
bronchial lymph  glands  are  not  enlarged. 

The  pericardium  is  smooth;  in  the  subpericardial  tissue  of  the  anterior 
surface  of  the  left  ventricle,  just  below  the  auriculo- ventricular  sulcus,  lies 
a  rounded  mass,  1.5  x  7  cm  ,  over  which  the  epicardium  is  a  little  roughened 
(Fig.  1).  The  heart  is  small,  the  coronary  vessels  convoluted,  the  myocar- 
dium brownish,  the  endocardium  smooth. 

The  spleen  is  of  the  usual  size  and  free  from  changes. 

The  liver  is  small,  has  a.  nutmeg-cut  surface.  The  gall-bladder  is  empty. 
In  the  mesentery  appear  many  small,  whitish,  flattened  and  oval  firm  bodies, 
many  of  which  are  in  the  direct  course  of  small  nerves.  In  the  part  near  the 
root  are  softer,  yellowish  masses  as  large  as  split  pease  or  so.  The  mesenteric 
attachment  of  the  duodenum  contains  several  pairs  of  small  bodies  closely 
together,  one  of  which  is  whitish  and  rather  firm,  the  other  more  yellowish 
and  rather  soft.  The  serous  covering  of  the  duodenum  has  numerous  slightly 
raised  patches  of  irregular  outlines  and  of  a  peculiar  saff'ron  color;  it  is  in 
general  somewhat  thicker  and  rougher  than  normal. 

The  stomach  contains  a  quantity  of  blackish  fluid ;  in  the  fundus  an  ex- 
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tensive  district  of  the  mucosa  has  been  digested,  and  a  small  part  of  the  wall 
is  so  soft  that  it  ruptures  on  handling ;  otherwise  the  gastric  mucosa  is  quite 
normal.  The  mucous  membrane  of  the  duodenum  and  jejunum  contains  a 
few  irregular  districts  which  are  finely  nodular  to  the  feel,  the  membrane 
being  somewhat  granular  to  the  eye.  The  ileum  and  the  large  intestine  are 
quite  normal,  the  latter  containing  masses  of  soft,  yellow  feces,  the  former 
being  empty. 

The  nerves  of  the  retroperitoneal  tissue,  including  those  radiating  from  the 
splanchnic  ganglia,  present  closely  aggregated  beaded  enlargements  varying 
in  size  from  a  pin-head  to  a  bean.  The  nerves  in  the  pelvis  behind  the 
peritoneum  present  numerous  globular  and  oval  enlargements  up  to  the  size 
of  walnuts,  of  a  similar  glistening  and  whitish  appearance.  Situated  upon 
the  inner  surface  of  the  left  side  of  the  upper  half  of  the  sacrum  is  a  firm 
spherical  mass  as  large  as  a  pigeon-egg,  which  is  deep  bluish-black  la 
color  with  a  few  gray  spots,  and  which  has  a  somewhat  reticulated  cut  surface. 
The  deep  and  superficial  inguinal  glands,  especially  on  the  right  side,  are 
pseudomelanotic  and  somewhat  enlarged  as  well  as  quite  firm. 

The  adrenals  are  normal  in  appearance,  the  right  being  rather  flattened ; 
there  are  no  tumors  in  their  immediate  vicinity.  The  kidneys  are  small,  the 
capsules  free,  the  surface  slightly  granular  in  places  and  rather  yellowish. 
The  cortical  markings  are  somewhat  indistinct.  The  pelves,  ureters,  and 
urinary  bladder  normal.  The  ovaries  and  uterus  are  small ;  otherwise  no 
changes. 

The  subcutaneous  tissue  of  the  scalp  contains  tangled,  cord-like  masses  of 
thickened  nerves  both  in  the  frontal  and  occipital  regions ;  in  many  the 
thickening  seems  diffuse,  in  other  cases  small  white  tumors  spring  from  the 
epineurium. 

The  skull  is  of  moderate  thickness  but  increased  density.  The  skull  form 
symmetrical.  The  dura  is  smooth.  The  pia  contains  a  moderate  amount  of 
clear  fluid.  Externally  the  brain  and  the  intracranial  portion  of  the  cerebral 
nerves  are  normal.  The  brain  is  hardened  unopened  in  formalin  solution. 
The  right  optic  nerve  and  the  right  globe  and  motor  nerves  show  no  changes. 
The  hypophysis  is  of  about  normal  size,  the  cella  turcica  is  rather  deep.  The 
sphenoidal  sinuses  are  empty  and  smooth.  The  frontal  sinuses  are  covered 
with  a  layer  of  dirty,  grayish,  thick  fluid. 

On  account  of  the  spinal  curvature  it  is  rather  troublesome  to  remove  the 
spinal  cord,  which  seems  of  natural  size  ;  its  membranes  are  smooth.  Upon 
three  or  four  of  the  lower  dorsal  nerves  are  small  fusiform  enlargements  of 
the  intraspinal  portions.  Upon  each  of  the  third  and  fourth  right  cervical 
nerves  is  a  smooth,  glistening,  cylindrical  enlargement,  located  within  the 
spinal  canal  underneath  the  pia  (Fig.  8) ;  there  are  numerous  similar  en- 
largements in  the  course  of  the  nerves  outside  of  the  canal ;  the  larger  of  the 
intraspinal  tumors  is  3  by  1.5  cm.,  smooth  and  white,  and  presses  the  cord 
to  one  side ;  coursing  over  its  surface  are  small,  apparently  healthy  nerve 
bundles. 


Fig.  3. 


Skiagraph  of  left  hand,  showing  absorption  at  articular  ends  and  surface.    (Courtesy  of 
Dr  Smith,  X-ray  Laboratory,  Presbyterian  Hospital.) 


Fig.  4. 


"^^*%ar-^ —    ^ 


Chronic  fibrous  neuritis  of  small  cutaneous  nerve  of  left  index  finger.    Hematoxylin  and 

eosin.    X  150. 
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The  spinal  cord  and  brain  are  hardened  as  a  whole  in  4  per  cent,  formalin 
(see  below). 

In  addition  to  the  tumors  in  connection  with  the  nerves  already  referred 
to,  it  is  found  that,  generally  speaking,  every  nerve  of  the  neck,  trunk,  and 
lower  extremities  is  the  seat  of  numerous  and  variously  sized  globular  or 
oval,  firm  growths.  Thus  both  pneumogastrics  and  their  connecting  and  other 
branches  carry  innumerable  tumors  that  appear  to  spring  from  the  peri-  and 
endoneurium  ;  the  large  trunks  contain  so  many  small  tumors  in  their  inte- 
rior that  they  appear  as  if  diffusely  enlarged,  the  larger  masses  giving  rise  to 
nodules  in  the  course  of  the  nerve  (Fig.  1).  In  the  smaller  branches  the 
relation  of  the  tumor  to  the  sheath  is  often  clearly  shown,  the  nerve  running 
over  the  tumor.  One  of  the  oesophageal  branches  presents  a  globular  growth 
as  large  as  a  walnut,  which  presents  upon  the  gullet  and  causes  a  narrowing 
of  the  lumen. 

The  sciatic  nerves,  which  were  hurriedly  dissected  out,  together  with  the 
tibial  nerves,  present  a  similar  well-marked  diffuse  nodular  enlargement  of 
the  main  trunks,  which  appear  at  least  four  times  the  normal  size  (Fig,  2) ; 
this  great  enlargement  is  largely  due  to  the  presence  of  tumors  in  the  nerves, 
but  here  there  also  seems  to  be  a  diff*use  overgrowth  of  the  structures.  The 
largest  tumor  of  all  is  a  cylindrical  mass,  12  by  3.5  cm.,  situated  loosely  be- 
tween the  muscles  on  the  anterior  part  of  the  right  thigh  and  connected  with 
a  small  intermuscular  branch.  The  larger  nerve  trunks  of  the  upper  extrem- 
ities are  not  dissected  out,  but  feel  markedly  nodular  on  palpation. 

The  following  joints  were  examined :  The  left  wrist-joint,  the  metacarpo- 
phalangeal joints  of  the  left  hand,  the  right  knee-  and  hip-joints.  The  right 
hip-joint  is  empty  and  the  articular  surfaces  held  in  such  close  apposition  by 
the  thickening  of  the  ligaments  that  partial  anchylosis  exists.  The  articular 
cartilages  are  thinned  and  somewhat  roughened,  but  there  is  no  distinct 
erosion  and  no  marked  osteophytic  formations.  The  head  of  the  femur  is 
reduced  in  size.  The  knee  joint  contains  a  small  quantity  of  clear  viscid 
fluid,  in  which  are  small  grayish  turbid  masses.  The  synovial  fringes  are 
changed  into  a  soft,  reddish  and  granular  tissue ;  surrounding  the  articular 
cartilages,  which  are  thinned  and  roughened,  are  extensive  erosions  of  the 
bone,  in  which  lies  a  sort  of  granulation  tissue  that  seems  to  be  in  direct 
connection  with  the  red  marrow  that  fills  the  medullary  spaces ;  extensive 
resorption  of  the  upper  end  of  the  tibia  has  taken  place ;  the  capsule  and 
ligaments  are  thickened.  Generally  speaking,  similar  changes  are  present 
in  joints  of  the  hand  and  wrist  (Fig.  3).  The  extensive  resorption  furrows 
around  the  articular  bone  ends  are  especially  well  marked ;  there  is  con- 
siderable clear  viscid  synovial  fluid  with  gray  flocculi,  also  soft  masses  of 
tissue  on  the  synovial  membranes,  and  thickenings  of  the  capsules.  There  is 
probably  some  new  bone  at  the  margins  of  the  grooves  at  the  bone  ends. 

The  marrow  of  the  long  bones  is  red. 

Atiafomical  Diagnosis.  Multiple  fibromata  of  the  cerebro -spinal  and  sym- 
pathetic nerves ;  compression  of  the  spinal  cord ;  polyarthritis  deformans  with 
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kyphoscoliosis,  anchyloses,  and  contractures ;  moist  gangrene  of  left  foot ; 
decubitus;  chronic  dermatitis  of  left  leg;  inflammation  of  frontal  sinus; 
chronic  nephritis ;  marasmus. 

Bacteriological  Examination.  Cultures  made  from  the  heart's 
blood,  all  the  solid  organs,  and  four  sets  of  fivs  tubes  each  of  blood-serum 
inoculated  with  the  contents  of  various  joints  ;  two  tubes  of  human  placental 
blood  serum  inoculated  with  the  same  material. 

Cover-slip  preparations  from  the  synovial  fluids  and  from  the  synovial  tis- 
sues stained  in  a  great  variety  of  ways  do  not  show  any  micro-organisms, 
and  all  the  cultures  from  the  joints  remain  sterile. 

A  non-liquefying  micrococcus,  which  takes  Gram's  stain  and  shows  a 
marked  tendency  to  arrange  itself  in  fours,  was  isolated  from  the  heart's 
blood  and  the  spleen.  The  lungs  contained  the  proteus  vulgaris,  the  liver 
the  colon  bacillus ;  the  kidneys  were  sterile. 

Histological  Examination.  The  various  tissues  were  fixed  in  4  per 
cent,  formalin,  Zenker's  fluid,  Miiller's  fluid,  and  in  alcohol.  Some  of  the 
bones  and  joints  of  the  fingers  and  of  the  metacarpus  of  the  left  hand  were 
placed  while  fresh  in  a  mixture  containing  10  parts  of  nitric  acid  and  90 
parts  of  formalin,  some  in  concentrated  aqueous  solution  of  picric  acid, 
and  others  were  decalcified  in  5  per  cent,  solution  of  nitric  acid  in  alco- 
hol after  hardening.  Preparations  from  specimens  decalcified  in  the  forma- 
lin and  nitric  acid  mixture,  which  acts  rapidly  and  safely,  show  the  histo- 
logical structure  very  well  indeed. 

Frozen  sections  of  the  lungs  show  some  emphysema,  the  lumen  of  the 
bronchi  is  filled  with  round  cells  and  inflammatory  exudate,  and  there  is 
some  infiltration  in  the  surrounding  air  cells.  In  the  liver  there  is  slight 
infiltration  in  Glisson's  capsule.  The  adrenals  seem  quite  normal.  The 
ovaries  are  normal;  also  the  spleen  and  the  kidney.  The  heart  muscle  has 
a  visible  cement  substance,  and  the  amount  of  pigment  in  the  cells  is  in- 
creased. The  abdominal  lymph  glands  are  normal ;  the  inguinal  lymph 
glands  are  vascular  and  cellular,  but  there  are  no  necrotic  foci. 

The  lining  of  the  right  frontal  sinus  is  the  seat  of  a  marked  round-cell 
infiltration  ;  the  covering  cells  show  considerable  mucous  degeneration,  and 
in  places  marked  desquamation  has  taken  place. 

The  yellow,  irregular  thickening  of  the  serous  coat  of  the  small  intestine 
is  shown  in  microscopic  section  from  embedded  pieces  to  depend  in  part 
upon  small  cellular  accumulations  in  the  serous  and  subserous  tissue  and  in 
part  upon  hyaline  thickenings  in  the  same  places.  These  changes  have 
taken  place  largely  at  the  expense  of  the  external  muscular  fibres,  those 
immediately  underneath  the  small  hyaline  areas  being  atrophic  and  encircled 
by  bands  of  hyaline  material.  In  the  cellular  areas  the  cells  are  endothe- 
lioid  in  appearance,  having  deeply  stained  nuclei  and  clear  bodies ;  they  are 
round  or  oval  in  outline.  Small  cell  accumulations,  as  well  as  scattered  cells 
of  similar  kind,  also  occur  here  and  there  between  the  muscular  fibres, 
especially  in  the  outer  coat.    In  a  few  places  the  serous  coat  is  strewn  over 


Fig.  5. 


Degenerated  nerves  in  fibroma  of  sciatic  nerve.    Weigert's  stain.    X  100. 


Fig.  6, 


Cross  section  of  anterior  tibial  nerve.    Nerves  in  central  fibromata.    Weigert's  ptain.    X  100. 


Fig. 


4: 


Section  of  spinal  ganglion  involved  In  fibroma.    Hematoxylin  and  eosin.    x  150. 
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by  a  fine  yellowish-brown  granular  pigment  without  any  other  changes  being 
present.  In  some  places  in  the  small  intestine  the  submucosa  is  congested 
and  cedematous,  the  vascular  spaces  being  widely  dilated  and  the  connective- 
tissue  fibres  spread  apart  by  a  finely  granular  or  homogeneous  eosin-staining 
material  which  contains  some  scattered  leucocytes.  The  mucous  membrane 
is  partly  absent ;  it  is  cellular,  and  contains  in  many  places  a  fine  granular 
brownish  pigment.  Sections  stained  for  bacteria  fail  to  show  any.  The 
distal  end  of  the  vermiform  appendix  is  occluded,  there  being  no  mucous 
membrane  present ;  in  the  proximal  two-thirds  the  lumen  is  very  small  and 
filled  with  desquamated  and  mucoid  cells ;  the  muscular  walls  are  much 
thickened,  and  in  the  subserous  coat  are  small  areas  of  more  or  less  dense 
cell  infiltration. 

Paraffin  sections  of  the  thickened  area  in  the  skin  of  the  leg  show  much 
increase  in  the  depth  of  the  corium,  which  is  quite  cellular  and  forms  a  few 
broad,  variously  shaped  but  mostly  rounded  papillary  projections,  covered 
by  a  quite  normal  epithelium,  which  is  of  varying  thickness  and  again  cov- 
ered by  an  abnormally  thick  layer  of  horny  material. 

The  Sympathetic  and  Peripheral  Nerves.  The  following  description  is  based 
on  the  study  of  sections  of  embedded  specimens  stained  with  hsematoxylin 
and  eosin,  Von  Gieson's  method,  and  Weigert's  method  for  demonstrating 
the  medullary  sheaths. 

The  majority  of  the  nodules  observed  in  the  mesentery  are  fibromata  con- 
nected with  nerves,  and  not  lymph  -glands ;  frequently  a  small  lymph  node 
and  a  fibroma  occur  side  by  side ;  other  fibromata  occur  upon  nerves  in  close 
proximity  to  vessels.  The  fibrous  tumors  appear  to  spring  from  the  nerve 
sheaths.  They  consist  of  a  typical,  fibrillated,  more  or  less  cellular  and 
more  or  less  dense  connective  tissue.  In  most  cases  the  fibrillar  network  is 
extremely  tangled,  but  in  some  cases  the  fibres  pursue  quite  parallel  courses, 
bundles  of  parallel  fibres  crossing  each  other.  The  number  of  bloodvessels 
varies  ;  in  some  places  the  tumors  are  quite  vascular.  The  pigmented  nodule 
in  the  pelvis  appears  to  be  an  unusually  vascular  and  cellular  fibroma;  in 
some  places  cells  are  especially  numerous  about  small  vessels ;  some  quite 
large  vessels  have  thin  walls,  and  the  tissue  in  which  they  occur  is  usually 
young.  A  few  small  recent  hemorrhages  are  present;  the  nodule  contains 
no  ganglion  cells. 

Peripheral  Nerves  (Figs.  4,  5,  6).  In  some  places  the  large  fibrous  mass  in 
the  thigh  is  somewhat  cedematous.  The  sciatic  nerve  is  the  seat  of  large  and 
small  fibrous  growths,  circumscribed  as  well  as  quite  diff'use,  the  fibrous 
tissue  being  distributed  throughout  nerve  bundles,  which  then  present  the 
appearance  of  a  marked  proliferative  interstitial  neuritis.  Many  of  the 
smaller  nerve  bundles  with  increased  amount  of  connective  tissue  show  an 
unusually  large  number  of  bloodvessels.  Some  of  the  arteries  in  the  tissue 
between  the  nerve  bundles  show  an  almost  complete  obliteration  of  the 
lumen  by  intimal  thickening.  In  the  smaller  bundles  appear  small  vessels, 
whose  lumen  is  wholly  filled  with  nucleated  cells. 
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Sections  from  the  skin  show  many  smaller  and  larger  subcutaneous  fibro- 
mata. The  perineurium  of  the  nerves  of  the  skin  is  quite  generally  thick- 
ened and  cellular,  and  there  is  evident  increase  in  the  fibrous  tissue  in  the 
interior  of  the  nerves  not  the  seat  of  circumscribed  tumors  (Fig.  4). 

Longitudinal  sections  of  the  sciatic  nerves,  stained  by  Weigert's  medullary 
sheath  method,  show  many  intact  nerve  bundles  and  also  many  scattered 
and  single,  more  or  less  degenerated  nerves  coursing  through  the  intraneural 
fibrous  nodules  (Fig.  5).  In  some  of  the  diffusely  thickened  nerves  there 
may  be  but  a  few  healthy  fibres ;  in  others  the  fibres  are  quite  numerous, 
partly  healthy,  partly  degenerated,  and  spread  apart  by  bands  and  areas  of 
fibrous  tissue. 

Cross-sections  of  the  anterior  tibial  as  well  as  of  other  nerves,  stained  in 
the  same  way,  show  also  some  healthy  fibres  in  circumscribed,  often  central, 
tumor  nodules,  arranged  around  which  are  nerve  bundles,  in  some  of  which 
are  markedly  degenerated  districts  (Fig.  6). 

Many  tumors  give  in  the  sections  a  quite  decided  reaction  with  Weigert's 
stain  for  elastic  fibres,  but  accurate  study  of  the  distribution  and  amount  of 
elastic  tissue  has  not  been  made. 

In  none  of  the  tumors  were  there  any  evidences  of  development  of  sar- 
coma. 

Sections  from  the  central  part  of  the  tumor  corresponding  to  the  fourth 
right  cervical  spinal  ganglion  shows  a  diffuse  fibromatous  proliferation  of 
the  ganglion,  the  ganglion  cells  are  pressed  far  apart  by  the  fibrous  tissue, 
and  occur  singly  and  in  small  groups  (Figs.  7  and  8) .  The  ganglion  cells 
show  more  or  less  shrinking  of  the  body,  occasional  vacuoles  in  the  proto- 
plasm, and  apparently  the  capsules  are  rather  more  cellular  than  in  some  of 
the  healthy  ganglions  examined.  Wlien  the  ganglion  cells  occur  singly 
they  generally  have  an  oblong  and  narrow  form,  and  lie  parallel  with  the 
bundles  or  strands  of  fibrous  tissue.  A  few  ganglion  cells  have  been  reduced 
to  shapeless  remnants  without  nuclei. 

The  hardened  brain,  when  cut  into  thin  transverse  and  longitudinal  slices, 
shows  only  normal  appearances. 

Examination  of  the  formalin-hardened  spinal  cord  shows  that  the  gross 
changes  due  to  the  compression  extend  over  a  distance  of  3^  cm.  where  the 
cord  is  greatly  flattened  (Fig.  8).  The  cord  is  thinnest  in  the  centre 
of  this  part,  and  here  it  measures  1  cm.  in  breadth  and  2  to  3  mm.  in  thick- 
ness. It  has  a  concavo-convex  appearance,  the  margins  of  the  compressed 
part  being  the  thinnest.  The  pia-arachnoid  cannot  be  readily  loosened  from 
the  surface  of  the  flattened  portion,  which  seems  firmer  than  the  cord  ordi- 
narily is.  At  the  greatest  change  the  cut  surface  does  not  present  any 
recognizable  normal  outline.  As  one  approaches  the  limits  of  the  com- 
pressed part,  it  can  be  readily  seen  that  the  compression  has  been  applied 
first  upon  the  postero-lateral  aspect  of  the  left  half,  resulting  in  the  disturb- 
ance first  of  the  right  posterior  horn  and  posterior  columns,  and  these  are  the 
parts  which  lie  immediately  subjacent  to  the  subdural  fibromata  (Fig.  10). 


Fig.  8. 


Compression  of  cord  by  intraspinal  fibroma  of  fourth  right  cervical  nerve,   a,  dura  ;  &,  pia, 
with  compressed  cord  underneath  ;  c,  fibroma  of  the  nerve.    (Drawn  from  behind.) 


Fig.  9. 


Section  of  cord  above  the  tumor.    Weigert's  method.    (For  description  of  degenerated  areas 

see  text.) 


Fig.  10. 


Section  of  cord  opposite  tumor.    For  detailed  description,  see  text.    The  section  shows 
the  deformity  of  the  cord.    Welgert's  stain. 


Fig.  11. 


Section  of  cord  opposite  dorsal  vertebra.    For  detailed  description  see  text. 
Weigert's  method. 
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There  are  no  cavities  in  the  compressed  part,  and  the  central  canal  is  not 
dilated. 

The  changes  in  the  cord  and  medulla  were  studied  by  Mr.  Martin  H. 
Fischer,  with  the  following  result : 

Section  through  Middle  of  Medulla  (Weigert's  stain). 

Distinct  degenerative  changes  exist  in  the  funiculus  gracilis  and  the 
funiculus  cuneatus.  The  restiform  bodies  show  large  numbers  of  degener- 
ated fibres.  The  anterior  pyramids  show  a  general  lightening.  The  evi- 
dences of  degeneration  are  most  marked  in  the  central  and  peripheral  por- 
tions of  these  tracts. 

Section  at  Junction  of  Medulla  and  Spinal  Cord. 

The  column  of  Goll  is  represented  by  a  triangular  lightened  area  lying 
close  against  the  posterior  median  fissure.  The  apex  rests  against  the  gray 
commissure.  At  the  periphery  of  this  degenerated  tract  scarcely  any  nerve 
fibres  can  be  found.  The  peripheral  portion  of  the  column  of  Burdach  has 
suffered  more  severely,  the  most  central  part  having  suffered  but  little.  The 
direct  cerebellar,  the  lateral  descending  and  ascending  and  the  direct 
pyramidal  tracts  show  severe  grades  of  degeneration.  The  process  is  most 
marked  in  the  peripheral  portions  of  the  cord.  The  decussating  fibres  of 
the  pyramids  seen  at  this  level  are  well  stained  in  Weigert  preparations, 
though  some  degenerative  changes  can  be  seen. 

The  areas  of  degeneration  are,  in  the  main,  symmetrical ;  still,  those  of 
the  left  half  of  the  cord  are  of  a  severer  type  than  those  of  the  right. 

Section  Above  the  Ticmor,  Opposite  the  Fourth  Cervical  Vertebra  (Fig.  9). 

The  entire  left  side  of  the  cord  has  undergone  a  diminution  in  size.  The 
columns  of  Goll  and  Burdach  each  show  well-defined  tracts  of  degeneration. 
The  direct  cerebellar,  the  crossed  pyramidal,  the  antero-lateral  ascending 
and  descending,  and  the  direct  pyramidal  tracts  of  the  left  side  show  scarcely 
any  healthy  nerve  fibres.  The  crossed  pyramidal  tract  of  the  same  side 
shows  a  general  lightening.  On  the  right  side  a  light  rim  of  total  degener- 
ation marks  the  direct  pyramidal  and  the  antero-lateral  ascending  and  de- 
scending cerebellar  tracts.  The  entire  anterior  column  of  this  side  seems  to 
have  suffered  a  contraction.  The  tract  of  Lissauer  shows  a  fairly  well- 
marked  degeneration  on  the  left,  but  only  a  slight  lightening  on  the  right 
side. 

The  anterior  and  posterior  horns  of  the  left  side  show  a  diminution  in 

size. 

Section  Opposite  the  Tumor  (Fig.  10). 

A  compression  of  the  cord  substance  has  occurred  to  the  right  and  for- 
ward. The  compression  involves  the  left  lateral  and  posterior  and  the  right 
posterior  columns.     The  posterior  median  fissure  has  been  obliterated.     A 
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homogeneous  unstained  rim  marks  the  position  of  the  direct  cerebellar, 
antero-lateral  ascending  and  descending,  and  direct  pyramidal  tracts  on  the 
left  side.  The  crossed  pyramidal  tract  has  suffered  partial  obliteration,  and 
is  perhaps  represented  by  a  lightened  area  of  fibres  at  the  posterior  portion 
of  the  anterior  horn.  A  marked  degeneration  is  also  noted  in  the  direct 
pyramidal  tract  of  the  right  side,  with  a  questionable  lightening  of  the 
crossed  pyramidal  tract.  A  narrow,  well-defined  area  of  degeneration  is 
noted  in  the  direct  cerebellar  tract  of  this  same  side.  The  two  posterior 
columns  have  been  fused  into  one  through  the  obliteration  of  the  median 
fissure.  In  the  central  portion  of  this  is  seen  an  area  of  lightening,  as  also 
just  internal  to  the  apex  of  the  right  posterior  horn,  which  may  correspond 
to  the  degenerations  observed  above  in  the  columns  of  Goll  and  Burdach. 
The  left  anterior  horn  is  markedly  decreased  in  size.  It  is  flattened  antero- 
posteriorly,  tind  the  posterior  horn  proceeds  from  it  backward  and  inward  as 
a  narrow  unstained  hand. 

Section  Below  the  Tumor,  Opposite  the  Third  Dorsal  Vertebra  (Fig.  11). 

The  columns  of  Goll  and  Burdach  show  a  general  lightening.  A  well- 
marked  lightening  has  also  occurred  in  the  left  lateral  column  of  the  cord, 
involving  the  crossed  pyramidal,  the  direct  cerebellar,  and  the  antero-lateral 
ascending  and  descending  tracts.  The  crossed  pyramidal  tract  is  involved 
only  in  its  external  portion.  In  the  anterior  columns  the  direct  pyramidal 
tracts  show  marked  lightening  on  both  sides  of  the  cord.  The  antero-lateral 
ground  substance  on  both  sides  shows  no  change.  A  slight  lightening  has 
occurred  in  the  antero-lateral  ascending  and  descending  tracts  of  the  right 
side.  Just  external  to  the  apex  of  the  posterior  horns  small  areas  of  degen- 
eration are  seen  which  correspond  to  the  tracts  of  Lissauer.  The  anterior 
horn  of  the  tumor  side  shows  a  diminution  in  size,  having  lost  the  rounded 
form  possessed  by  the  horn  of  the  other  side  and  assumed  a  more  pyramidal 
shape.     The  posterior  horns  are  also  thinner  than  on  the  right  side. 

Section  from  Midlumbar  Region. 

The  areas  of  degeneration  correspond  in  the  main  to  those  described  in 
the  sections  from  the  middorsal  region.  A  larger  number  of  healthy  fibres 
are  found  just  around  the  gray  matter  in  the  antero-lateral  ground  bundle 
on  both  sides.  The  degenerated  tracts  lie  more  at  the  periphery  of  the  cord, 
and  are  rather  indistinctly  differentiated  from  each  other. 

The  nerve  fibres  in  the  various  localities  show  varying  degrees  of  degenera- 
tion ;  many  of  the  fibres  are  shrunken ;  others  are  much  swollen,  have  lost 
their  rounded  form  and  become  more  or  less  oval  and  elliptical  in  shape.  As 
a  rule,  the  areas  which  show  the  greatest  number  of  small,  contracted  fibres 
show  the  greatest  increase  in  connective  tissue  (Van  Gieson's  stain). 

The  myelin  sheaths  of  the  swollen  fibres  stain  palely  with  Weigert's 
method.     The  neuraxons  are  more  or  less  eccentrically  located ;  in  some 
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Section  through  a  metacarpo-phalangeal  joint  of  the  left  hand  ;  shows  the  excavations  at 
the  margins  of  the  articular  cartilages  filled  with  cellular  connective  tissue.  The  bone  is 
porotic.    Note  the  distinct  junction  between  the  cartilage  and  the  bone.    X  75. 


Fig.  13. 


Part  of  Fig,  12,  more  highly  magnified.  Note  replacement  of  cartilage  at  the  margin  by  cel- 
lular connective  tissue,  which  is  creeping  over  articular  surface.  See  also  wavy  line  at  junc- 
tion of  bone  and  cartilage.    X  200. 


Fig.  14. 


Section  of  villous  outgrowth  of  synovial  membrane,  showing  the  cellular  and  vascular 

structure.    X  200. 
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localities  the  neuraxons  have  been  entirely  lost,  and  only  drops  of  myelin 
are  left  to  represent  nerve  fibres. 

The  rule  that  the  localities  which  show  the  greatest  number  of  small  fibres 
show  the  largest  amount  of  connective  tissue  increase  is  not  an  absolute  one, 
as  the  anterior  and  lateral  columns  of  the  cord  on  the  left  side  just  opposite 
the  tumor  show  a  great  number  of  swollen  nerve  fibres.  It  would  seem  from 
this  that  as  the  tumor  grew  the  increasing  pressure  upon  the  cord  caused 
more  and  more  fibres  to  degenerate,  so  that  we  have  fibres  in  all  portions  of 
the  cord  in  all  stages  of  degeneration. 

Marchi's  method  show  but  few  black-stained  fibres ;  these  are  seen  most 
numerously  in  the  peripheral  regions  below  the  seat  of  the  compression,  and 
more  especially  in  the  posterior  portions  of  the  cord.  This  reaction  would 
go  to  indicate  that  while  the  majority  of  the  nerve  fibres  represent  old  stages 
of  degeneration  demonstrable  by  Weigert's  method,  others  are  of  more  recent 
date,  and  so  give  the  Marchi  reaction. 

Joints,  Bones,  Bone-marrow.  The  marrow  of  the  femur  is  quite  congested 
and  there  is  considerable  focal-cell  accumulations.  Among  the  cells  are 
recognized  (hsematoxylin  and  eosin)  quite  a  number  of  richly  granular  eosin- 
ophiles  with  small  round  nuclei,  occasional  megakaryocytes,  and  the  ordinary 
narrow  cells. 

The  joints  of  the  left  hands  were  the  ones  principally  studied  (Figs.  12,  13, 
and  14).  The  surfaces  of  the  articular  cartilages  may  be  somewhat  uneven,  and 
just  below  it  is  a  strip  the  matrix  of  which  is  a  little  fibrillated  and  split  up^ 
the  cartilage  cells  being  largely  absent.  The  matrix  of  the  principal  part  of 
the  cartilage  is  quite  normal,  but  there  is  usually  more  or  less  proliferation  of 
the  cartilage  cells,  leading  at  times  to  the  accumulation  of  from  four  to  eight 
or  twelve  cells  in  one  capsule ;  the  cartilaginous  matrix  is,  moreover,  rather 
granular  and  somewhat  split  up.  In  all  cases  the  deeper  layers  of  the  carti- 
lages are  of  a  peculiar  finely  granular  appearance  and  light  bluish  color 
(hsematoxylin) ;  this  zone  is  of  a  wavy  outline  (Figs.  12  and  13) ;  at  the  margin 
of  the  more  healthy  cartilage  there  is  a  deeper  blue  color,  as  if  a  cloud  of 
blue  dust  granules  had  been  swept  up  to  this  point.  The  cartilage  cells  in 
this  zone  are  largely  absent  or  the  nuclei  fail  to  stain,  so  that  the  capsules 
appear  empty ;  in  some  instances  the  capsular  space  contains  a  few  small 
chromatin  particles.  This  zone  is  sharply  demarcated  from  the  underlying 
bone.  At  the  peripheral  margins  of  the  articular  cartilages  a  vascular  and 
cellular  fibrous  tissue  more  or  less  directly  connected  with  the  synovial 
fringes  has  replaced  part  of  the  cartilage  and  fills  the  excavation  which  has 
formed  in  the  bone  proper  at  these  points,  extending  sometimes  for  some 
little  distance  into  the  subchondral  medullary  spaces  as  well  as  creeping 
along  over  the  articular  surface  of  the  cartilage,  which  now  presents  an 
escalloped  appearance  (Figs.  12  and  13).  Generally  the  line  of  junction 
between  the  cartilage  and  fibrous  tissue  is  sharp  and  abrupt,  but  islands  of 
connective  tissue  occasionally  appear  in  the  interior  of  the  cartilage  as  if 
formed  by  metaplasia,  the  matrix  of  the  cartilage  becoming  fibrillated  and 
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the  cells  liberated  from  the  lacunae,  assuming  the  role  of  cells  in  fibrous 
tissue.  The  absorption  of  the  bone  has  occurred  principally  at  the  margins 
of  the  articular  cartilages,  which  often  form  overhanging  shelvings  over  the 
fibrous  tissue.  There  are  no  osteoclasts  seen  at  the  margins  of  the  erosions 
in  the  bone.  The  medullary  tissue  is  principally  fatty ;  occasionally  small 
focal  cell-accumulations  occur.  At  times  medullary  tissue  has  formed  in  the 
deeper  layers  of  the  cartilages.  The  synovial  membrane  where  it  turns  over 
the  articular  cartilage  is  the  seat  of  delicate  and  branching  villous  outgrowths 
which  contain  very  many  rather  large  arteries  and  other  vessels,  the  stroma 
between  being  richly  infiltrated  with  small  round  and  oval  nuclei,  the  whole 
presenting  an  appearance  not  unlike  an  angioma  (Fig.  14).  At  other  times 
the  cells  are  larger,  younger,  and  the  vessels  provided  with  thinner  walls, 
so  that  the  tissue  looks  like  a  recent  granulation  tissue.  At  some  distance 
away  from  the  joints  there  is  more  or  less  well-marked  periosteal  proliferation 
in  the  form  of  osteoid  tissue.^ 

General  Considerations  (Dr.  Preble).  The  case  is  an  extreme 
degree  of  a  very  common  condition,  that  of  generalized  neurofibroma- 
tosis, but  has  more  than  ordinary  interest  because  it  presents  certain 
features  which  are  rare,  if  not  unique — the  joint  changes  and  the 
trophic  changes  in  the  skin. 

Cases  of  fibrous  tumors  growing  from  the  fibrous  portions  of  the 
peripheral  nerves  have  been  recorded  in  medical  literature  since  1793, 
when  Tilesius  (quoted  by  Modrzejewski)  reported  the  first  case.  No 
correct  appreciation  of  their  true  nature,  however,  was  suggested  until 
1847,  when  Briich  suggested  that  these  tumors  were  due  to  polypoid 
growth  of  the  neurilemma.  Rokitansky  shared  this  opinion.  In  1880 
Prudden  collected  forty-one  examples  of  this  condition.  In  1882 
Recklinghausen,  by  careful  study  of  cases,  showed  that  the  fibroid 
tumors  of  the  skin,  the  fibroma  molluscum  of  Virchow,  arose  from 
the  fibrous  portions  of  the  peripheral  nerves.  Since  then  these  cases 
have  attracted  much  interest  and  study,  so  that  to-day  there  is  a  vast 
literature  and  a  great  number  of  cases  recorded.  When  to  the  cases 
frankly  of  this  nature  we  add  the  cases  of  conditions  probably  ex- 
actly similar,  so  far  as  their  pathology  and  pathogenesis  are  con- 
cerned, though  different  in  their  clinical  manifestations,  the  number 
becomes  very  large  indeed.  '  We  should  include  many  cases  of  ele- 
phantiasis, many  cases  of  pigmented  and  linear  naevi.     The  number 

1  These  interesting  changes  in  the  bones  and  joints  are  reserved  for  a  more  complete 
consideration  in  the  future. 
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could  be  easily  still  further  increased,  for  lesser  degrees  of  this  condi- 
tion of  neurofibromatosis  are  so  common  that  one  could  easily  collect 
hundreds  of  examples  in  a  few  weeks. 

Etiology.  A  very  large  number  of  the  cases  are  congenital,  but  one 
cannot  agree  with  Bruns,  who  says  they  are  always  congenital.  There 
are  many  examples  in  which  the  first  tumor  has  appeared  some  years 
after  birth,  as  is  illustrated  by  the  case  recorded  above  and  by  those 
of  Generisch,  in  which  the  tumor  appeared  at  eight,  Lahman  at 
twenty-three,  Berggriin  at  ten,  Hitchcock  at  nineteen,  and  many 
others. 

In  some  cases,  while  no  tumors  are  present  at  birth,  there  are 
congenital  pigment  flecks,  and  later  the  tumors  appear.  The  case 
of  Feindel  and  Oppenheim  is  an  example  of  this,  as  is  also  the  case 
of  Spillmann  and  Etienne. 

Not  only  are  many  of  the  tumors  congenital,  but  in  many  cases  they 
are  found  in  other  members  of  the  same  family  :  Herczel,  mother  and 
grandfather;  Virchow^,  grandfather,  father,  and  brother;  Hecker, 
grandmother  and  parent;  Czerny,  grandfather,  greatuncle,  uncle, 
and  mother ;  Bruns,  two  brothers ;  Hitchcock,  mother  and  two  sis- 
ters. Many  other  examples  might  be  quoted,  but  no  instance  of 
extension  through  more  than  three  generations  has  been  found. 

Some  authors  (Landowski  and  Feindel)  believe,  when  the  tumors 
appear  late  in  life,  that  some  exciting  cause,  such  as  bad  hygienic  sur- 
roundings, overwork,  cold,  trauma,  or  infection  has  been  at  work  upon 
one  who  has  a  congenital  predisposition  to  these  tumors,  and  the 
tumors  have  resulted.  The  first  case  of  Spillmann  and  Etienne  may 
be  an  example  of  this.  This  patient,  a  male  adult,  had  had  pigment 
spots  on  the  skin  for  many  years,  when,  after  a  fall  which  stretched 
the  sciatic  nerve,  tumors  appeared  scattered  over  the  skin.  Most 
authors  believe,  with  Feindel,  that  there  is  during  the  development 
of  the  embryo  some  disturbance  of  the  tissues  derived  from  the  ecto- 
derm. If  the  disturbance  is  marked  the  eff"ects  in  the  way  of  skin 
tumors,  tumors  of  the  nerves  and  pigmented  areas  appear  at  birth.  If 
the  disturbance  is  less  there  is  no  sign  at  birth,  and  only  later,  under 
the  influence  of  some  incidental  cause,  do  the  results  appear. 

Recklinghausen,  Etienne  and  others  have  suggested  that  the  linear 
nsevi  which  show  such  manifest  relations  to  the  peripheral  nerve  are 
due  to  an  intra-uterine  neuritis  or  myelitis,  which  so  lessens  the  con- 
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trol  of  the  nutrition  of  the  skin  that  certain  elements  hypertrophy. 
Such  foetal  neuritis  might  be  due  to  some  infection  or  intoxication 
from  the  mother.  These  linear  nsevi  are  seen  frequently  with  skin 
and  nerve  fibromata,  and  it  seems  likely  that  they  are  due  to  the 
same  underlying  processes. 

Other  authors,  notably  Esmarch  and  Kulenkampf,  suggest  that 
there  is -a  fibroid  diathesis  which  is  the  cause  of  the  neurofibroma- 
tosis ;  others  suggest  that  it  may  be  an  intoxication  like  Addison^s 
disease  or  myxoedema.  Still  others  suggest  a  specific  infection,  which, 
like  lepra,  causes  pigmentation  of  the  skin,  tumors  of  the  nerves  and 
skin. 

Symptomatology.  Following  the  example  of  Landowski,  Feindel 
and  Oppenheim,  Briquet  and  others,  we  can  conveniently  divide  the 
symptoms  into  four  groups  :  tumors  of  the  skin,  tumors  of  the  nerves^ 
pigmentation  of  the  skin,  and  functional  disturbances.  A  completely 
developed  case  shows  symptoms  from  all  four  groups ;  but  there  is  a 
much  larger  number  of  cases  which  are  incomplete,  showing  symp- 
toms from  three,  two,  or  even  one  group  only.  The  case  reported 
above  showed  no  areas  of  pigmentation,  but  symptoms  from  each  of 
the  other  groups  were  present.  The  two  groups  most  frequently  ab- 
sent from  the  clinical  picture  of  the  cases  reported  are  the  pigmenta- 
tions and  functional  disturbances.  I  am  inclined,  however,  to  believe 
that  note  of  the  pigmentation  is  frequently  omitted  from  the  history 
sheets  because  of  their  apparent  insignificance.  If  one  takes  into 
consideration  the  very  numerous,  incompletely  developed  cases  seen 
almost  daily  in  the  clinic,  one  must  conclude  that  the  two  symptoms 
commonly  present  are  skin  tumors  and  pigmentation,  while  the  tumors 
of  the  nerves,  and  especially  functional  disturbances,  are  the  excep- 
tions. 

Skin  Tumors.  The  number  of  tumors  varies  from  one  or  two  to 
many  thousands.  In  the  case  reported  above  there  were  many  hun- 
dreds of  tumors  in  the  skin,  scattered  irregularly  over  the  body. 
Modrzejewski  reports  one  case  with  3000  tumors.  Virchow,  in  his 
book  on  tumors,  has  a  picture  of  a  patient  who  must  have  had  thou- 
sands of  these  tumors.  Lesser,  in  his  text-book  upon  diseases  of  the 
skin,  figures  a  patient  who  presents  many  hundreds  of  the  ordinary 
forms  of  the  fibroma  of  skin  and  nerves,  and  also  the  larger  form,  the 
molluscum  fibrosum,  ranken-neurom,  or  elephantiasis  neuromatodes. 
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The  tumors  vary  in  size  from  that  of  a  pin-head  to  that  of  a  large 
egg.  They  may  be  sessile  or  pedunculated,  tending  to  become  the 
latter  as  they  increase  in  size.  The  skin  covering  them  may  be  per- 
fectly normal,  but  with  many  of  the  tumors  the  skin  is  thin,  relaxed, 
and  thrown  into  fine  irregular  folds,  looking  as  if  it  had  been  stretched 
for  some  time  and  then  relaxed.  Ordinarily  the  skin  covering  these 
tumors  contains  less  than  the  normal  amount  of  pigment,  but  it  may 
be  pigmented.  Sometimes  the  skin  grows  large  comedones  ;  but  these 
cases,  as  will  be  shown  later,  are  probably  not  neurofibromata.  The 
tumors  are  usually  soft,  but  may  be  hard  and  dense.  They  are 
usually  neither  tender  nor  painful.  They  cause  no  disturbance  ex- 
cept mechanically  from  their  site  or  size. 

In  addition  to  these  tumors,  which  are  the  common  form,  there  are 
others  of  exactly  the  same  nature,  described  under  various  names : 
fibroma  molluscum,  ranken-neurom,  and  elephantiasis  neuromatodes. 
The  resulting  tumors  are  often  very  large,  and  may  take  the  shape  of 
fairly  circumscribed  tumors  or  of  irregular  thick  folds,  and  laps  of 
skin,  such  as  are  seen  in  the  other  forms  of  elephantiasis.  The  skin 
covering  these  folds  may  be  unaltered  until  the  mass  becomes  very 
large,  when  it  tends  to  become  inflamed.  The  skin  is  much  more 
frequently  pigmented  than  with  the  ordinary  fibromata,  and  in  some 
cases  may  be  covered  by  growth  of  hair.  The  ranken-neurom  is 
often  seen  in  combination  with  the  ordinary  tumors,  as  is  illustrated 
by  the  cases  shown  by  Lesser,  Herczel,  Czerny,  Kriege,  Bruns  and 
others,  but  may  occur  without  them,  but  with  pigmentation,  as  re- 
ported by  Bruns ;  or  we  may  find  skin  tumors,  nerve  tumors,  and 
ranken-neurom  combined  in  the  same  patient,  as  reported  by  Kriege. 

These  large  tumors  cause  no  disturbance  except  such  as  results 
mechanically,  and  cannot  be  distinguished  clinically  from  other  forms 
of  elephantiasis  except  by  the  presence  of  the  commoner  manifesta- 
tion of  generalized  neurofibromatosis. 

Nerve  Tumors.  These  may  occur  alone — i.  g.,  without  skin  tu- 
mors— as  is  illustrated  by  the  cases  of  Lahman,  Kriege,  Keen,  Spiller 
and  others ;  but,  as  a  rule,  when  multiple  nerves  are  involved  there 
are  tumors  of  the  skin  also.  Picque  collected  fifty  cases  of  plexiform 
neuromas,  in  eighteen  of  which  it  is  stated  that  there  were  cutaneous 
neurofibromata.  The  relative  importance  of  the  nerve  and  skin  tu- 
mors varies  in  the  individual  cases.     For  example,  in  the  case  above 
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the  tumors  of  the  nerves  are  much  more  numerous  and  important. 
This  is  also  true  in  the  very  extreme  case  reported  by  Berggriin. 

The  tumors  vary  in  size  from  those  which  are  too  small  to  be  pal- 
pated to  the  size  of  the  large  tumor  in  the  right  thigh — 12  by  3.5 
centimetres,  or  even  larger.  The  tumors  are  round,  oval,  or  fusi- 
form, not  attached  to  the  surrounding  parts,  so  that  motion  from  side 
to  side  is  permitted,  but  longitudinal  motion  in  either  direction  is 
prevented  by  the  want  of  elasticity  of  the  nerve.  Usually  there  is 
more  than  one  tumor  on  a  nerve,  thus  presenting  an  arrangement 
like  a  string  of  beads.  The  tumors  may  develop  along  the  trunk  of 
a  nerve  or  along  its  branches.  When  the  latter  is  true  irregular 
convoluted  masses  result,  which  feel  not  unlike  a  varicocele,  except  for 
their  density.  The  tumors,  as  a  rule,  are  firm,  but  in  some  cases 
they  are  cystic.  They  are  usually  neither  tender  nor  painful,  but 
may  be.  The  patient  reported  above  had  one  tumor  in  the  left  side 
of  the  neck,  which  was  tender  and  painful,  although  post-mortem  it 
differed  in  no  way  from  the  other  tumors  found. 

The  tumors  may  affect  a  few  nerves,  or  many,  and  there  is  no  nerve 
in  the  body  which  may  not  be  affected.  The  spinal,  cranial,  and 
sympathetic  nerves  are  all  found  involved  in  many  cases.  As  a  rule, 
the  involvement  of  the  spinal  and  cranial  nerves  does  not  extend  into 
the  cranial  cavity,  but  there  are  numerous  exceptions.  For  example, 
the  cases  of  Generisch  and  Berggriin,  in  which  both  cranial  and 
spinal  nerves  were  enlarged  into  the  cranial  and  spinal  cavities,  and 
in  the  case  of  Czerny  and  the  one  above  in  which  the  enlargement  of 
the  spinal  nerves  extended  within  the  dura,  but  the  cranial  nerves 
within  the  cavity  escaped. 

Pigmentation  occurs  in  a  variety  of  forms,  colors,  and  arrange- 
ments. In  many  cases  the  only  portions  of  the  skin  which  are  pig- 
mented are  those  covering  the  tumors.  In  others  the  pigment  occurs 
as  flat  or  but  slightly  elevated  areas,  varying  in  size  from  that  of  a 
pin-head  to  a  large  plaque.  The  pigment  flecks  are  usually  most  nu- 
merous over  the  covered  part,  the  trunks,  thighs,  and  arms,  while  the 
face,  arms,  and  legs  usually  escape.  Generally  there  is  no  sign  of  an 
arrangement  of  the  pigmented  areas,  but  in  the  case  reported  by 
Dupin  and  Dieulafe  many  of  the  pigmented  areas  were  elliptical  in 
shape,  with  a  tendency  for  the  long  axis  of  the  ellipse  to  lie  parallel 
to  the  long  axis  of  the  limb.     Feindel  and  Oppenheim  note  in  their 
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second  case  that  some  of  the  pigmented  areas  follow  the  course  of  the 
nerves. 

The  color  of  these  areas  varies  from  light  brown,  caf(§  au  lait,  to 
dark  brown.  Usually  there  are  no  hairs  in  the  pigment  flecks,  but 
in  some  cases,  as  in  those  of  Marie  and  Bernard,  Delore  and  Bonne, 
they  are  found.  Briquet  includes  hairy  and  vascular  nsevi  in  his  list 
of  symptoms  of  this  condition.  In  a  case  reported  by  Depaul  and 
Verneuil,  a  tumor  of  neck  near  the  scalp  was  covered  by  thick,  coarse 
hair,  which  differed  from  that  covering  the  scalp.  Below  this  tumor 
were,  under  thick  brownish  skin,  corresponding  exactly  to  the  dis- 
tribution of  the  cervical  plexus,  nodular  strings  like  a  varicocele. 

Functional  Disturbances.  One  might  expect  that  the  tumors  of 
the  nerve  would  cause  marked  disturbances  in  their  functions ;  but, 
as  a  matter  of  fact,  even  slight  disturbances  are  rare.  The  common- 
est symptom  in  this  group  is  pain,  which  may  be  spontaneous  or  ap- 
pear on  pressure.  The  pain  may  be  in  the  tumor,  or  radiate  to  the 
area  supplied  by  the  nerve  affected.  Actual  disturbances  of  function 
are  less  common,  and  may  be  sensory  or  motor,  and  be  either  of  the 
nature  of  excitation  or  paralysis.  Parsesthesia,  hypersesthesia,  anaes- 
thesia, cramps,  tonic  convulsions,  weakness,  and  paralysis  all  are 
seen.  A  small  number  of  cases  suffer  from  arthralgia.  In  a  few  cases 
symptoms  from  involvement  of  the  vagus  have  been  seen ;  dysphagia, 
hoarseness,  dyspnoea,  palpitation,  and  tachycardia  (Generisch). 

Briquet  saw  vomiting  and  cramps  in  the  abdomen  in  one  case. 

The  case  reported  by  Berggriin  shows  more  marked  disturbances 
than  any  case  recorded,  but  in  his  case  the  enlargements  on  the  cranial 
nerves  extended  to  the  cranial  cavity,  and  many  of  the  symptoms,  such 
as  paralysis  of  various  of  the  motor  nerves  of  the  eyes  and  the  optic 
neuritis  were  due  to  the  intracranial  tumors  rather  than  to  the  fibro- 
matosis of  the  nerves.  Those  few  cases  in  which  there  has  been 
paralysis  of  the  bladder  and  rectum,  atrophy  of  certain  muscles,  were 
probably  cases  in  which  the  cord  was  compressed  by  tumors  in  the 
spinal  canal.  Extension  into  the  spinal  canal  does  not  always  cause 
symptoms,  even  when  there  is  considerable  pressure  of  the  cord,  as  is 
illustrated  by  the  cases  of  Generisch  and  Czerny  and  the  case  above* 

Many  of  the  patients  are  of  a  low  order  of  intelligence,  apathetic^ 
languid,  and  stupid ;  but  this  is  scarcely  the  rule,  as  some  of  the 
French  authors  consider  it  to  be. 
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No  descriptions  of  trophic  disturbances  have  been  found  in  any  of 
the  reports ;  there  is,  indeed,  no  mention  made  of  them  except  by 
Landowski,  who  says  they  are  very  rare,  and  von  Biingner,  who  says 
they  are  usually  absent. 

The  patient,  J.  S.,  had  for  some  years  on  the  posterior  aspect  of 
one  thigh  an  ulcer  which  looked  in  all  ways  like  the  perforating 
ulcers  so  often  seen  on  the  feet  of  tabetic  patients,  and  resisted  treat- 
ment in  the  same  way.  This  was  looked  upon  clinically  as  a  perfor- 
ating ulcer  of  trophic  origin.  The  gangrene  of  one  foot  coming  on 
spontaneously  was  regarded  as  of  the  same  nature. 

The  joint  changes  in  this  patient  might  also  be  regarded  as  due  to 
nerve  influence.  Their  painless  course  and  the  great  resultant  de- 
formity, together  with  the  symmetry  of  the  involvement  in  a  patient 
whose  peripheral  nerves  were  so  greatly  altered,  naturally  suggested 
this  idea.  The  distribution,  deformity,  and  involvement  of  the  spine 
were  such  as  are  seen  in  well-marked  cases  of  arthritis  deformans. 
In  reviewing  the  literature  no  mention  of  joint  changes  was  found 
except  in  the  report  by  Berggriin  and  that  by  Dupin  and  Dieulafe. 
In  Berggriin's  case  both  hips  and  knees  were  strongly  flexed,  but 
could  be  moved  passively,  although  the  amount  of  motion  in  the  hips 
was  slight.  The  ends  of  the  right  femur  and  tibia  were  markedly 
thickened.  At  the  autopsy  the  head  of  the  left  femur  was  out  of  the 
socket,  the  teres  ligament  was  relaxed,  the  joint  cavity  was  small  and 
filled  with  loose,  red  tissue,  and  the  head  of  the  femur  was  flattened. 
Dupin's  and  Dieulafe's  case  suffered  from  rhachitis  and  repeated  at- 
tacks of  acute  articular  rheumatism  when  young,  and  the  bone  and 
joint  changes  may  easily  be  the  results  of  the  early  illnesses.  The 
lower  epiphyses  of  the  forearms  are  enlarged,  the  first  phalanges  are 
flexed  on  the  metacarpal  bones,  the  third  phalanges  are  extended,  the 
phalanges  are  subluxated  because  of  the  relaxation  of  the  ligaments, 
dorsal  scoliosis,  and  double  genu  valgum  are  the  changes  noted. 
These  are  the  only  recorded  cases  of  joint  changes  in  the  course  of 
neurofibromatosis,  and  inasmuch  as  the  disease  in  its  milder  forms  is 
very  common,  and  not  very  rare  even  in  its  severe  forms,  I  believe, 
we  must  give  up  the  very  fascinating  idea  that  there  is  some  intimate 
relation  between  the  two  conditions  and  regard  the  combination  as 
merely  accidental. 

The  course  of  the  disease  is  slowly  progressive,  and  only  in  the 
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severest  cases  causes  trouble  and  danger.  Rarely  we  find  exceptions 
to  this  slow  course,  as  is  illustrated  by  the  case  of  Berggriin,  which 
died  at  the  age  of  eleven,  directly  from  the  effects  of  the  neurofibro- 
matosis. Many  of  the  cases  die  from  some  intercurrent  disease; 
others  develop  a  gradually  increasing  anaemia  and  cachexia,  and  die 
from  exhaustion ;  still  others  die  from  the  effects  of  the  accidental 
location  of  some  tumor ;  still  others  die  from  sarcomatous  degenera- 
tion of  the  fibrous  tumor.  This  last  is  by  no  means  infrequent,  so 
that  numerous  cases  have  been  recorded.  Garr^  collects  seventeen 
cases  of  sarcomatous  degeneration.  The  cause  of  this  change  in  the 
nature  of  the  tumor  is  unknown,  but  in  some  cases  it  seems  to  have 
been  some  trauma. 

The  prognosis  in  the  milder  cases  is  good,  but  in  the  severer  forms 
must  be  conservative  because  of  the  danger  of  a  tumor  developing  at 
some  spot  where  it  can  mechanically  cause  serious  disturbances,  and 
because  any  tumor  may  at  any  moment  become  malignant. 

Diagnosis.  This  is  usually  easy  because  of  the  marked  and  peculiar 
nature  of  the  symptoms.  Lahman  has  drawn  attention  to  the  fact 
that  multiple  fibromata  of  the  skin  may  arise  from  the  fibrous  tissue 
of  other  parts  of  the  skin  than  the  nerves,  and  proposes  dividing 
these  fibromata  into  four  classes  according  as  they  arise  from  the 
fibrous  tissue  of  the  nerves,  the  vessels,  the  glands,  or  from  several 
of  these.  The  differentiation  of  these  may  require  microscopical  ex- 
amination unless  there  are  deeper  tumors  having  the  character,  loca- 
tion, and  arrangement  of  tumors  of  the  nerves. 
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SUBPECTORAL   ABSCESS. 


By  JOHN  HERR  MUSSER,  M.D., 

OP  PHILADELPHIA. 


I  HAVE  seen  in  quite  recent  years  three  cases  of  subpectoral  abscess 
under  the  following  circumstances.  Although  belonging  within  sur- 
gical lines,  they  presented  such  clinical  features  that  it  was  thought 
well  to  have  a  general  practitioner  see  them,  hence  my  experience.  A 
few  of  the  symptoms  are  worth  emphasizing,  as  well  as  the  phenomena 
which  made  it  my  privilege  to  observe  them : 

Case  I. — A  previously  healthy  man,  aged  about  thirty-five  years,  was 
admitted  to  the  wards  of  the  Presbyterian  Hospital,  suffering  from  an  abscess 
of  the  chest  walls  under  the  pectoral  muscle.  With  the  local  symptoms, 
which  were  not  unusual  but  characteristic,  there  were  some  rigors  and  inter- 
mitting fever.  There  was  also  some  mild  arthritis.  The  patient  was  desper- 
ately ill,  and  my  colleague  asked  me  to  see  him  to  determine  whether  ulcer- 
ative endocarditis  prevailed  or  pyaemia  had  begun ;  in  other  words,  whether 
the  infection  was  limited,  or  whether  other  structures  and  the  blood  were 
involved.  The  surgeon  was  deterred  by  the  heart  murmur  and  the  pysemic 
symptoms  to  give  an  anaesthetic  or  shock  the  patient  by  an  operative  pro- 
cedure, which  would,  he  feared,  be  useless.  I  felt  the  heart  murmur  was 
due  to  anaemia  and  flabby  dilatation,  intensified  by  the  febrile  process.  The 
operation  afforded  prompt  relief. 

The  feature  of  prominence  was  the  excess  of  general  symptoms 
(fever,  etc.)  in  proportion  to  the  local  phenomena.  No  cause  for  the 
abscess  was  determined. 

Case  II.  was  also  a  patient  in  the  Presbyterian  Hospital,  presenting  the 
local  signs  of  subpectoral  abscess.  He  was  a  rather  delicate  man  of  twenty- 
two  years  of  age,  with  high  fever,  sweats,  rapid  heart,  and  some  embarrassed 
breathing.  Inability  to  thoroughly  explore  the  chest  by  physical  examina- 
tion led  to  the  fear  that  the  abscess  was  secondary  to  an  empyema.  I  was 
asked  to  consider  this  question.     Empyema  was  excluded,  based  upon  the 
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negative  evidence  on  examination  of  the  lungs  posteriorly  and  laterally. 
Surgical  treatment  brought  about  immediate  relief. 

Trauma  was  the  primary  etiological  factor.  Its  resemblance  to 
empyema  was  the  feature  in  this  diagnosis. 

Case  III. — A  farmer  of  five  and  twenty  years,  robust,  while  training  a 
colt,  requiring  physical  and  psychical  strain,  was  drenched  by  a  passing 
storm.  This  was  followed  by  an  attack  of  bronchitis  and  by  apparent  rheu- 
matism of  the  right  pectoral  and  shoulder  region.  His  family  physician 
prescribed  salicylates.  There  was  no  relief  and  no  signs  of  local  infection. 
At  the  end  of  fifty-six  hours  he  had  a  chill,  followed  by  high  fever.  The 
bronchitis  continued;  the  chest  pains,  limited  to  the  right  upper  anterior 
half,  were  severe,  and  sweats  were  alarming.  The  symptoms  continued  one 
week.  After  the  first  examination  the  chest  surface  was  not  exposed  for  fur- 
ther study.  Examination  with  the  ear  and  by  percussion  was  negative,  for 
soon  the  mass  under  the  pectoral  muscle  prevented  the  transmission  of  sound. 
With  the  continuance  of  fever  and  sweats  the  patient  lost  flesh  and  strength 
rapidly.  The  blending  of  the  symptoms  of  bronchitis  and  those  of  the  infec- 
tion led  the  attending  physician  and  his  colleague  to  make  a  diagnosis  of 
acute  tuberculosis.  I  was  asked  to  see  the  case,  to  decide  upon  climatic 
treatment.  Fortunately  I  could  demonstrate  the  presence  of  a  considerable 
mass  under  the  pectoral  muscle,  and  could  exclude  any  signs  of  localizing 
tuberculosis.  I  could  not  with  the  data  at  my  hand  exclude  acute  general 
tuberculosis,  although  I  was  certain  the  grave  general  symptoms  were  due 
to  the  subpectoral  infection.  Twenty-four  hours  later  Dr.  John  B.  Deaver 
opened  the  abscess,  the  extent  and  apparent  virulence  of  which  surprised 
him.  The  patient  promptly  recovered.  Cultures  yielded  the  streptococcus. 
Trauma  caused  the  subpectoral  bruise,  leading  to  infection. 

Here,  again,  the  severe  septic  symptoms,  unfortunately,  coincident 
with  the  attack  of  bronchitis,  led  to  an  error  in  diagnosis. 

There  are  two  brief  varieties — acute  or  phlegmonous,  and  chronic 
or  cold,  abscesses.  The  literature  contains  many  cases,  especially  of 
the  latter. 

ACUTE  OR  PHLEGMONOUS  SUPPURATION. 

Etiology.  1.  Traumatism  is  probably  the  commonest  cause  (Cases 
1,  16,  and  17),  such  as  blows  over  the  pectoral  muscle  Excessive 
use  of  the  muscle  has  been  given  as  an  occasional  cause  (Martin). 

2.  Next  to  traumatism  extension  of  inflammation  from  some  other 
point  in  the  body,  either  by  metastasis  (Case  5)  or  by  extension 
through  the  lymphatic  channels  (Cases  2,  6,  7,  9,  10,  21,  and  22),  as 
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in  those  cases  of  suppuration  following  infected  wounds  on  the  arm  or 
inflammation  of  the  breast. 

Pleurisy,  either  suppurative  or  non-suppurative,  recent  or  old,  is 
frequently  the  cause  (Cases  4  and  15). 

3.  Rarely  the  malady  seems  to  be  idiopathic  (Cases  11,  12,  13, 
and  20). 

4.  Taking  cold  has  been  described  as  a  cause  (Martin). 
Pathology.   The  condition  often  proves  fatal,  so  there  have  been 

a  number  of  autopsies  reported,  and  the  pathology  of  the  condition 
has  been  quite  thoroughly  studied.  Certain  anatomical  considera- 
tions may  be  reviewed  that  will  throw  light  on  the  phenomena  ob- 
served. On  the  deep  surface  of  the  pectoral  muscle  is  a  cellular  area 
lying  on  the  ribs  and  intercostal  muscles  separated  from  them  in  the 
upper  and  outer  portion  by  the  lesser  pectoral  muscle  and  the  costo- 
coracoid  membrane.  To  the  outer  side  lies  the  axillary  space  separ- 
ated from  the  subpectoral  space  by  the  axillary  fascia.  There  has 
been  described  a  bursa  interposed  between  the  deep  surface  of  the 
greater  pectoral  muscle  and  the  ribs.  Beneath  the  parietal  pleura  is 
a  cellular  tissue  rich  in  lymphatics.  These  lymphatics  communicating 
with  the  lymphatics  in  the  cellular  tissue  beneath  the  pectoral  muscle 
are  of  great  importance  as  explaining  the  transmission  of  infectious 
agents  from  the  pleura  to  the  pectoral  muscles. 

The  abscess  usually  occupies  the  cellular  tissue  between  the  deep 
surface  of  the  pectoralis  major  and  the  plane  of  the  ribs  and  intercos- 
tal muscles.  The  pectoral  fascia,  investing,  as  it  does,  the  pectoralis 
major,  offers  an  almost  impassable  barrier  to  the  extension  of  suppu- 
ration beyond  the  muscles.  Cases  have,  however,  been  reported  in 
which  the  pus  travelled  along  the  pectoralis  minor  and  entered  the 
axilla  along  with  the  great  vessels  and  nerves  (Cases  15  and  21). 
There  is  often  found,  together  with  the  pectoral  abscess,  an  intra- 
thoracic abscess,  either  subpleural  or  intrapleural,  the  external  and 
internal  cavities  communicating  through  small  openings.  A  case  of 
pectoral  abscess  opening  into  the  anterior  mediastinum  has  been 
reported  (Case  16) ;  or,  as  in  some  cases,  presenting  no  communica- 
tion whatever.  The  latter  are  to  be  explained  by  the  distribution  of 
the  lymphatics  already  mentioned.  The  suppuration,  as  it  has  been 
said,  is  limited  to  the  pectoral  muscle,  yet  within  these  limits  it  may 
be  either  difluse  (Case  13)  or  circumscribed. 
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Symptoms.  An  interval  of  several  days  frequently  elapses  be- 
tween the  infection  or  traumatism  and  the  onset  of  symptoms,  but  the 
symptoms  may  rapidly  follow  the  cause.  The  commonest  early 
symptom  is  a  vague  tenderness  somewhere  in  the  muscle.  This  may 
precede  the  development  of  the  tumor  by  as  much  as  a  week.  Soon 
after  this  movements  of  the  arm  become  painful.  Hence  in  some 
instances  the  diagnosis  of  rheumatism.  Then  follow  in  most  cases 
the  general  symptoms  :  Fever,  chill,  loss  of  appetite,  coated  tongue. 
Then  the  local  signs  appear.  There  may  be  either  a  well  circum- 
scribed tumor,  or  the  whole  pectoral  region  may  project  forward;  the 
latter  is  usual.  Pain  and  tenderness  are  usually  well  marked.  The  skin, 
at  first  normal  in  color  and  temperature,  becomes  red,  hot,  and  later 
cedematous,  especially  along  the  lower  border  of  the  pectoralis  major, 
although  in  the  third  of  my  list  of  cases  no  local  signs  were  noted  for 
one  week.  The  infraclavicular  fossa  is  effaced  by  the  swelling  and 
the  axilla  encroached  upon.  Palpation  reveals  fluctuation.  At  first, 
when  the  tumor  is  deep  seated,  fluctuation  may  not  be  detected ;  but 
when  considerable  pus  has  formed,  and  there  is  a  tendency  to  point 
toward  the  inferior  border  of  the  pectoralis  major,  it  can  always  be 
elicited.  The  following  method  given  by  Prieur  will  usually  be  found 
satisfactory :  If  it  is  the  right  side  that  is  under  examination,  place 
the  fingers  of  the  left  hand  under  the  anterior  fold  of  the  axilla,  the 
pulp  of  the  fingers  being  forward,  the  right  hand  over  the  pectoral 
muscle.  With  the  fingers  in  these  positions  alternate  pressure  is 
made,  as  is  usual  in  looking  for  fluctuation.  The  axillary  vein  and 
lymphatics  of  the  arm  are  pressed  upon  by  the  swelling,  giving  rise 
to  oedema  of  the  upper  extremity. 

Such  external  abscess  follows  interlobular  empyema.  In  two  in- 
stances in  children  the  intimal  pus  had  found  its  way  to  the  surface 
in  the  third  interspace,  presenting  a  globular  tumor. 

If  the  abscess  communicates  with  another  inside  the  thorax,  other 
symptoms  are  added  which  make  the  diagnosis  somewhat  difficult. 
There  is  apt  to  be,  in  addition  to  the  foregoing  symptoms,  cough  and 
dyspnoea,  together  with  the  physical  signs  of  a  mass  within  the  thorax. 
The  external  abscess  may  be  affected  by  respiratory  movements. 
It  becomes  tense  on  inspiration,  flaccid  on  expiration.  There  is  an 
impulse  on  coughing. 

The  infection  is  at  times  of  a  pyaemic  nature.     The  symptoms 
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rapidly  become  typhoid,  and  death  follows.  These  symptoms  were 
noteworthy  in  my  cases,  and  led  the  local  symptoms  to  be  considered 
of  minor  importance  in  the  case. 

Diagnosis.  The  authors  have  little  to  say  concerning  this.  When 
the  abscess  is  entirely  extrathoracic,  careful  physical  examination 
would  exclude  any  intrathoracic  trouble.  When  there  is  a  communi- 
cation with  an  abscess  within  the  thorax  the  diagnosis  becomes  more 
difficult.  It  will  be  considered  below,  under  the  heading  of  Cold 
Abscesses.  In  the  early  stages  of  the  acute  abscess,  when  the  only 
local  sign  is  tenderness  and  the  general  symptoms  have  not  devel- 
oped, the  condition  might  be  mistaken  for  rheumatism  or  intercostal 
neuralgia.  Case  III.  of  my  list  was  thought  to  be  rheumatic  at  first. 
But  the  diagnosis  could  not  long  remain  doubtful  on  account  of  the 
course  of  the  process. 

Cold  Abscesses. 

Chronic  or  cold  abscess  in  the  region  of  the  pectoral  muscle.  Cold 
abscesses  of  the  thoracic  wall  have  attracted  considerable  attention 
from  the  profession  during  the  last  half-century.  It  has  been  the 
subject  of  numerous  monographs. 

Etiology.  Since  the  pathology  of  tuberculosis  has  been  under- 
stood the  nature  of  these  cold  abscesses  has  been  made  clearer.  They 
are  usually,  perhaps  always,  tuberculous.  They  originate  either  pri- 
marily in  the  muscle  (Morestin)  or  secondary  to  some  other  tubercu- 
lous focus,  such  as  osteitis  of  ribs,  pleurisy,  or  tuberculous  cavity  in 
the  lung.  The  tubercular  diathesis  is  commonly  present.  Trauma- 
tism is  frequently  a  determining  cause. 

Seats.  1.  Antero-superior  part  of  the  chest,  particularly  near 
the  costosternal  articulations. 

2.  Posteriorly  near  the  angles  of  the  ribs. 

3,  The  lateral  portions  of  the  chest. 

We  will  consider  only  those  abscesses  occurring  in  the  neighbor- 
hood of  the  pectoral  muscle.     These,  indeed,  are  the  most  frequent. 

Pathology.  It  may  be  primary  in  muscle,  being  the  first  focus 
of  infection  within  the  individual,  or  more  commonly  it  is  secondary 
to  tubercular  foci,  as  already  stated.  The  abscess  frequently  occupies 
the  cellular  tissue  on  the  deep  face  of  the  pectoralis  major,  and  may 
involve  the  muscle  itself     It  is  in  these  chronic  abscesses  that  com- 
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munications  with  intrathoracic  collections  of  pus  are  most  common. 
The  primary  abscess  is  usually  intrathoracic,  having  its  origin  either 
in  a  tuberculous  osteitis  or  periosteitis  of  the  internal  face  of  the  ribs 
or  in  a  subpleural  collection. 

Small  abscesses  in  the  subpleural  tissue  have  attracted  considerable 
attention,  and  are  thoroughly  studied  in  the  monograph  of  Marmarian. 
They  probably  originate  by  transferrence  of  infectious  material  from 
the  pleural  cavity  through  the  lymphatics  to  the  subpleural  tissue 
without  suppurative  inflammation  of  the  channels  through  which  they 
pass.  These  subpleural  collections,  having  their  origin  either  in  the 
pleura  or  in  the  ribs,  increase  in  size,  burrow  through  the  intercostal 
muscles,  and  infect  the  subpleural  collection  without  actual  extension 
of  inflammation  by  continuity. 

Symptoms.  Localized  tenderness  develops  long  before  the  abscess 
in  most  cases,  although  occasionally  the  trouble  may  not  be  noticed 
until  the  abscess  is  of  a  considerable  size.  There  are  no  general 
symptoms  except  those  of  the  tuberculous  diathesis.  Local  symp- 
toms are  characteristic,  and  usually  quite  different  from  those  of  acute 
abscesses.  At  first  the  tumor  appears,  varying  in  size  from  that  of  a 
pigeon-egg  to  a  small  orange.  It  is  firm,  rounded,  not  adherent  at 
first ;  the  skin  is  free  over  it,  not  reddened  or  hot ;  fluctuation  is  in- 
distinct at  first.  When  the  abscess  communicates  with  an  intra- 
thoracic collection  or  arises  from  a  carious  rib,  it  is  adherent  to  the 
deep  structures  ;  later  fluctuation  becomes  distinct,  especially  at  the 
centre,  while  the  periphery  of  the  mass  remains  firm  and  the  skin  is 
apt  to  become  adherent.  Eventually  the  abscess  points.  Its  course 
is  slow,  lasting  over  a  year  or  two. 

Diagnosis.  Before  the  tumor  appears  the  localized  tenderness 
may  suggest  intercostal  neuralgia.  The  latter  may  be  differentiated 
by  reference  to  the  points  of  Valleix,  which,  of  course,  are  tender  in 
neuralgia,  while  the  tenderness  of  cold  abscess  may  be  at  any  point. 
After  the  tumor  has  appeared,  on  account  of  its  indolent  character  it 
may  be  mistaken  for  a  hydatid  cyst,  syphilitic  gumma,  lipoma,  or  a 
sarcoma.  It  can  be  diagnosed  from  these  tumor  formations  by  refer- 
ence to  the  points  commonly  given  in  surgical  text-books.  Yet,  it 
must  be  confessed,  the  diagnosis  is  often  difficult.  It  may  be  neces- 
sary to  resort  to  exploratory  punctures. 

When  the  abscess  communicates  with  an  intrathoracic  collection 
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(indicated  by  reducibility  and  changes  in  tension  during  respiratory 
movements),  it  becomes  necessary  to  determine  whether  the  pleural 
cavity  or  the  lungs  are  involved.  The  difficulty  lies  in  the  fact  that 
the  subpleural  abscess  closely  resembles  the  ordinary  pleural  abscess 
or  empyema,  especially  when  the  latter  is  encysted.  A  free  collec- 
tion of  pus  within  the  pleura  may  be  distinguished  by  its  movability. 
In  either  case  the  history  of  an  acute  pleurisy  might  throw  light  on 
the  diagnosis.  Radat  gives  the  differential  diagnosis  between  sub- 
pectoral abscesses  originating  within  the  thorax  and  those  having 
their  origin  without.  In  the  case  of  the  former  there  is  a  history  of 
some  illness,  such  as  pleurisy  or  '^suppurative  pneumonia."  The 
fluctuation  appears  as  soon  as  the  tumor  appears.  If  there  has  been 
pleurisy  the  respiratory  murmur  is  absent,  and  there  is  dulness  on 
percussion.  If  the  abscess  has  its  origin  within  the  lung  there  is 
dulness  and  bronchial  breathing  and  other  signs  of  ''chronic  pneu- 
monia, such  as  moist  rales,  cavernous  breathing,  etc.  The  writer 
must  emphasize  the  great  value  of  the  history  indicating  the  sequence 
of  pathological  events,  with  the  physical  signs  and  the  immediate 
occurrence  of  fluctuation. 

The  following  cases  are  gathered  from  the  literature  to  illustrate 
the  statements  made  above : 

Case  1  (Briband).  Etiology.  Blow  on  the  right  breast.  Symptoms,  pain- 
ful swelling  limited  to  the  pectoralis  major  appeared  soon  after  injury. 
There  was  immobility  of  the  arm;  skin  was  not  involved;  fluctuation  just 
below  the  clavicle;  cedema  of  the  surface.  Operation.  Death  in  three 
weeks  from  sepsis.  Autopsy.  Abscess  of  the  posterior  surface  of  the  muscle, 
limited  by  its  aponeurosis;  adherent  pleura  opposite  the  abscess;  perito- 
nitis. 

Case  2  (Briband).  Etiology.  A  man,  aged  forty -three  years.  Angio- 
leucitis  from  furuncle  on  the  arm,  followed  by  enlargement  of  the  axillary 
glands.  Symptoms,  abscess  limited  to  the  pectoral  muscle,  causing  painful 
swelling  of  the  whole  region.  Skin  hot,  red,  and  oedematous;  arm  useless. 
Fluctuation  at  inferior  border  of  muscle.  Operation.  Recovery.  Pathol- 
ogy. Operation  revealed  large  cavity  under  the  pectoral  muscle  containing 
bloody  pus. 

Case  3  (Briband).  Etiology.  A  woman,  aged  thirty-five  years.  Followed 
a  cured  mammary  abscess.  Interval  not  stated.  Symptoms:  First,  tender- 
ness at  the  insertion  of  pectoralis  major,  then  swelling  of  whole  pectoral 
region.  Redness  of  the  skin ;  obscure  fluctuation  below ;  marked  general 
symptoms.     Operation.     Recovery.     Was  diagnosed  rheumatism  at  first. 

Am  Phys  32 
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Case  4  (Briband).  Etiology.  From  an  old  pleurisy.  Symptoms:  Began 
with  chill  and  other  general  symptoms,  followed  by  swelling  of  the  pectoral 
muscle.  Terminated  in  death.  Autopsy.  Subpectoral  abscess  extending 
into  the  axilla.  Two  localized  abscesses  in  the  pleura  in  the  pectoral  re- 
gion.    An  old  pleurisy  with  two  litres  of  fluid. 

Case  5  (Renant).  Etiology.  An  abscess  at  the  elbow,  of  unknown  origin. 
Two  abscesses  developed — one  at  the  anterior  fold  of  axilla  and  one  opposite 
the  middle  of  the  sternum.  Purulent  cough  followed  ;  pressure  over  abscess 
produced  gurgling;  subcutaneous  emphysema  toward  the  clavicle.  Termi- 
nated in  death.  Autopsy.  Subpectoral  abscess,  involving  muscle  opening 
through  the  third  interspace,  through  the  pleura  into  the  lung.  No  signs 
of  tuberculosis  in  the  lung.  Pleura  adherent  only  at  the  point  of  perfora- 
tion. 

Case  6  (Prieur).  A  young  sailor,  perfectly  well,  developed  a  swelling  lim- 
ited to  the  pectoral;  freely  movable;  painful,  indistinct  fluctuation;  skin 
red ;  no  fever  or  other  general  symptoms.  Diagnosed  as  syphilitic  myositis. 
A  deep  incision  through  the  pectoral  gave  vent  to  pus.  Patient  had  an  in- 
fected finger. 

Case  7  (Prieur).  A  man,  aged  twenty-eight  years.  Blow  on  the  finger 
caused  inflammation,  which  recovered  without  treatment.  Six  days  alter 
developed  pain  in  the  axilla,  fever,  and  anorexia.  Pectoral  muscle  tender 
and  swollen.  Motions  of  the  arm  painful.  Incision  at  lower  border  of  the 
muscle  opened  a  pectoral  abscess. 

Case  8  (Prieur).  Man,  aged  sixty  two  years.  Anterior  axillary  wall 
■swollen,  tender,  and  hard.  Faint  fluctuation ;  subpectoral  abscess  opened 
by  incision  along  lower  border  of  muscle. 

Case  9  (Lesigne,  quoted  by  Prieur).  An  abrasion  on  finger,  followed  by 
pain  in  the  pectoral  muscle ;  then  general  symptoms.  Great  pain  on  motions 
of  arms.  Pectoral  muscle  then  became  swollen.  Subpectoral  abscess  opened 
by  incision.  Case  was  diagnosed  as  acute  articular  rheumatism  before  abscess 
developed. 

Case  10  (Lesigne,  quoted  by  Prieur).  Abrasion  of  finger.  Angioleucitis 
extending  up  the  arm,  followed  in  six  days  by  swelling  of  the  axillary  glands. 
(Edema  and  immobility  of  the  arm.  In  twelve  days  pectoral  abscess.  In- 
cision below  pectoral  muscle.     Death, 

Case  11  (Watson).  A  pulsating  swelling  below  the  clavicle,  nothing  in  his- 
tory to  account  for  it.  Pulsation  ceased.  Signs  of  pus  increased.  Abscess 
opened  and  ordinary  pus  was  evacuated.  Pulsation  probably  due  to  prox- 
imity to  axillary  or  subclavian  artery. 

Case  12  (Frost).  Patient  was  a  pronounced  alcoholic.  Had  been  on  a 
spree ;  was  admitted  to  the  hospital  unconscious.  The  day  before  felt  ill,  and 
the  right  arm  was  stiff";  examination  showed  pectoralis  major  prominent  and 
oedematous  along  the  lower  border.  Arm  oedematous.  No  operation.  Death 
in  twenty-four  hours.  Autopsy  showed  diff'use  suppuration  under  the  pec- 
toral muscle. 
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Case  13  (Martin).  Case  of  subpectoral  abscess  from  excessive  use  of  the 
muscle. 

Case  14  (Velpeau).  Began  with  a  chill  and  vague  pains  in  the  left  side. 
The  next  day  general  symptoms  developed.  Pectoral  muscle  became  tender, 
swollen,  and  indurated.  Then  oedema  and  fluctuation  developed.  Abscess 
opened  along  lower  border  of  muscle.  Symptoms  were  relieved.  After  two 
days  the  fever  rose  and  pleural  effusion  appeared.  The  patient  sank  and  died 
after  nine  days.  Autopsy  showed  subpectoral  abscess  extending  along  the 
pectoralis  minor  into  the  axilla.  The  pleura  contained  two  circumscribed 
abscesses  about  opposite  the  subpectoral  abscess.  Both  had  thick  walls,  and 
were  evidently  old.  There  was  no  communication  between  them  and  the 
external  abscess.  The  pleura  contained  two  litres  of  fluid ;  the  lung  was 
normal. 

Case  15  (Allen,  H.).  Patient  admitted  to  the  hospital  seriously  ill.  Weak 
pulse  and  rapid  respiration.  Examination  showed  the  .usual  signs  of  subpec- 
toral abscess,  with  one  peculiar  symptom — namely,  appearance  of  a  wave  at 
the  summit  of  the  collection  during  expiration.  Operation ;  death.  Autopsy 
showed  subpectoral  abscess  communicating  with  the  anterior  mediastinum 
through  an  ununited  fracture  in  the  third  rib. 

Case  16  (Scholz).  Young  man,  aged  twenty-three  years,  perfectly  well, 
kicked  in  the  right  breast  two  months  before  admission.  The  pain  of  the 
injury  disappeared,  but  was  followed  by  a  swelling  extending  from  the 
sternum  to  the  border  of  the  pectoral,  from  the  second  to  the  fifth  rib.  Skin 
red,  slightly  higher  in  temperature.  When  the  pectoral  muscle  was  put  in 
action,  swelling  became  harder  and  the  inner  portion  bulged  forward.  There 
was  no  pain,  only  tenderness  on  pressure.  No  general  symptoms.  Opera- 
tion followed  by  erysipelas,  pyaemia,  and  death.  Autopsy  showed  caries  of 
the  fourth  rib,  subpectoral  abscess,  emboli  of  the  lung,  peritonitis. 

The  author  reports  a  case  from  Pitha's  clinic  of  traumatic  subpectoral 
abscess  due  to  shock  of  revolver.  The  infection  extended  to  the  abdominal 
cavity. 

Case  17  (Cheever).  A  young  man,  possibly  syphilitic,  otherwise  perfectly 
well,  developed  swelling  in  the  region  of  the  pectoral,  partially  obliterating 
the  axilla,  considerable  pain,  abscess  pointed. 

Case  18  (Cheever).  Young  unmarried  woman.  Abscess  under  the  left 
pectoral,  the  left  breast  prominent,  superficial  veins  engorged,  the  left  axilla 
partly  filled,  general  symptoms  very  great;  operation,  recovery.  The  author 
pointed  out  the  great  resemblance  to  mammary  abscess  and  to  subcutaneous 
emphysema. 

Case  19  (Werner).  Young  girl,  aged  seventeen  years,  began  with  pain  in 
the  pectoral  region  and  immobility  of  arm.  Swelling  followed  at  the  border 
of  sternum  at  level  of  third  rib.  Skin  at  first  normal,  later  reddened, 
general  condition  good.  Abscess  opened,  large  subpectoral  cavity  found. 
Recovery. 

Case  20  (Werner).     Woman,  aged  thirty-three  years.     Sometime  before 
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had  a  wound  of  the  finger  that  healed  perfectly.  Eight  days  before  obser- 
vation,[  developed  pain  in  the  axilla,  and  infraclavicular  region  filled  up, 
swelling  of  the  pectoral  region,  general  condition  good.  Axillary  glands 
were  irritated  and  enlarged;  abscess  opened,  found  to  extend  into  the 
axilla. 

Case  21  (Werner).  Boy,  aged  fourteen  years.  Developed  traumatic  scarlet 
fever(?)  from  an  infected  wound  of  one  finger.  Then,  after  subsidence  of 
rash,  swelling  developed  in  the  pectoral  region,  which  was  opened,  giving 
exit  to  yellow  pus.  Extensive  cavity  extending  nearly  to  the  clavicle. 
Recovery. 

Case  22  (Werner).  A  man,  aged  thirty  years,  seized  with  severe  pain  in  the 
left  arm  which  extended  to  the  pectoral  region,  was  followed  by  development 
of  an  abscess.  The  pain  in  arm  probably  due  to  swelling  of  axillary  gland. 
Operation;  recovery. 

Case  23  (Stiftung),  illustrating  communication  of  abscess  with  lung.  Pa- 
tient, aged  forty -six  years ;  day  laborer.  Had  been  suffering  for  eight  days, 
without  known  cause,  from  an  abscess  under  the  left  collar  bone.  The 
clavicular  portion  of  the  large  breast  muscle  was  gone.  The  left  lung  was 
tuberculous.  On  the  tenth  day  afterward,  in  the  morning,  the  abscess  broke 
and  the  hand  showed,  on  pressure,  a  knotted  mass.  The  patient  was  breath- 
ing with  difficulty.  In  the  night  he  had  a  very  severe  coughing  attack,  mucous 
expectoration  came  freely,  and  the  abscess  broke  into  the  lung.  It  con- 
tained air  and  fluid.  Pressure  with  the  finger  would  empty  the  abscess,  and 
a  full  breath  would  fill  it  with  air.  The  coughing  continued  very  severely, 
excited  by  the  pressure.  The  abscess  grew  smaller,  and  in  fourteen  days 
there  was  only  a  little  hole  and  a  little  fluid.  Communication  with  the 
thorax  was  almost  closed  up,  and  fourteen  days  after  that  there  was  no  fluid 
discharged. 
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In  the  Bulletin  of  the  Johns  Hopkins  Hospital  for  December, 
1898,  there  appeared  an  article  by  B.  R.  Schenck  "  On  Refractory- 
Subcutaneous  Abscesses  Caused  by  a  Fungus  Possibly  Related  to  the 
Sporotricha/^  '^The  primary  point  of  infection  was  on  the  index 
finger,  whence  it  extended  up  the  radial  side  of  the  arm,  following 
the  lymph  channels,  and  giving  rise  to  several  circumscribed  indura- 
tions, which  were  in  part  broken  down  and  ulcerated."  This  infec- 
tion proved  very  refractory  to  treatment.  The  organism  supposed  to 
cause  the  lesions  in  this  case  was  obtained  in  three  cultures  from  two 
different  foci  of  the  disease,  twice  in  pure  culture. 

Schenck  carefully  describes  the  cultural  characteristics,  the  mor- 
phology and  development  and  the  results  of  the  inoculations  of  this 
organism,  which  Dr.  Erwin  F.  Smith,  of  the  United  States  Depart- 
ment of  Agriculture  at  Washington  tentatively  assigns  to  the  genus 
Sporotrichum. 

During  the  last  few  months  we  have  had  occasion  to  study  a  case 
presenting  similar  refractory  subcutaneous  abscesses  from  which  an 
organism  has  been  isolated  which  is  identical  in  the  essential  details 
with  the  one  described  by  Schenck. 
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Clinical  History  (Dr.  Perkins).  On  March  16,  1899,  Charlie  C,  aged 
five  years,  was  brought  to  my  oflSce  by  his  parents,  suffering  with  a  sore  upon 
his  left  index  finger,  concerning  which  I  elicited  the  following  history:  Ten 
days  before  he  had  been  using  a  hammer  and  had  struck  himself,  denuding 
a  surface  as  large  as  a  split  pea  on  the  dorsal  surface  and  over  the  second 
joint.  This  abrasion  did  not  heal  up  as  his  father  thought  it  should,  and  he 
applied  some  "  verdigris  salve  "  to  the  injury.  At  present  the  finger,  from 
the  first  to  the  third  joint,  is  swollen  to  twice  its  original  size,  presenting  in 
the  centre  a  deep,  well-defined,  sharp,  undermined  ulceration,  the  size  of  a 
ten-cent  piece.  The  base  of  the  operation  is  rough  and  covered  with  grayish- 
looking  pus.  This,  when  sponged  away,  leaves  a  bright-red  surface;  the 
ulcer  extends  through  the  whole  thickness  of  the  skin.  Surrounding  the 
ulcer  over  about  one-half  of  the  infiltrated  area  are  a  large  number  of  vesicles 
and  a  few  pustules.  The  dorsal  surface  of  the  hand  and  the  extensor  sur- 
face of  the  forearm  present  a  chain  of  swollen  lymphatics,  along  which  are 
about  twenty  nodules  the  size  of  a  small  pea  to  a  large  hazelnut.  There  is 
no  evidence  of  suppuration  in  any  of  them  at  this  time.  The  little  patient 
does  not  complain  of  much  pain,  either  in  the  finger  or  arm.  The  hand  is 
cleaned  with  green  soap  and  washed  with  sublimate  solution  1:2000,  the 
surface  of  the  ulceration  mopped  over  with  95  per  cent,  carbolic  acid,  pow- 
dered boric  acid  dusted  on,  and  bichloride  gauze  and  borated  cotton  ap- 
plied. 

Subsequently  the  dressing  was  changed  every  second  day  for  ten  days  and 
reapplied  as  at  first.  At  the  end  of  this  time  ulceration  had  increased  to 
nearly  twice  its  original  size.  The  nodules  are  somewhat  larger  and  are  get- 
ting tender,  though  I  cannot  detect  pus,  either  by  fluctuation  or  aspiration. 
On  March  28th  I  began  using  iodoform  as  a  dressing,  but  met  with  no  better 
results.  Do  what  I  would,  I  could  not  get  the  finger  to  improve  in  the  least. 
The  vesicles  had  formed  pustules,  and  the  epidermis  over  nearly  all  of  the 
infiltrated  areas  had  loosened,  leaving  a  raw,  oozing  surface. 

During  the  first  ten  days  under  my  care  the  child  seemed  to  feel  reason- 
ably well,  but  he  now  began  to  develop  a  little  fever,  and  for  the  next  month 
the  temperature  ranged  up  to  100.5°  F.  There  developed,  about  April  Ist, 
an  annoying  and  persistent  cough  and  coryza.  Early  in  April  the  swollen 
lymphatics  began  to  suppurate.  I  opened  and  curetted  eleven  abscesses  in 
the  next  week.  Some  contained  not  more  than  thirty  minims,  others  prob- 
ably four  drachms  of  pus.  Upon  opening  one  large  abscess  about  the  middle 
of  the  forearm  I  was  surprised  to  see  it  drain  another  smaller  one  four 
inches  from  the  incision.  This  was  refilled  with  the  irrigating  solution  and 
opened.  The  fistulous  tract  was  irrigated  and  a  swab  with  carbolic  acid 
upon  it  was  passed  through.  The  pus  from  the  abscesses  was  of  a  mahogany 
color,  thick  and  tenacious. 

Up  to  this  time  (May  25,  1899)  I  have  opened  twenty-one  abscesses,  four 
have  opened  spontaneously,  and  still  there  are  more  to  follow. 

The  lymphatic  glands  in  the  axilla  and  neck  on  the  left  side  have  been 
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inflamed,  but  are  smaller  now,  and  bid  fair  to  return  to  their  normal  size 
without  suppurating.  The  abscesses  which  have  been  opened  have  shown 
considerable  destruction  of  the  fascia,  intermuscular  septa  and  skin. 

Suspecting  farcy  and  with  the  expectation  of  having  my  opinion  con- 
firmed, I  inoculated  two  tubes  with  a  quantity  of  pus  from  an  uncontami- 
nated  abscess  and  mailed  them,  May  2d,  to  Prof.  L.  Hektoen  for  examina- 
tion.    At  his  request  I  again  sent  him  tubes  about  May  9th  or  10th. 

The  family  being  poor,  I  have  had  the  mother  dress  the  arm  part  of  the  time. 
I  once  saw  her  doing  this  when  she  had  a  cut  over  one-half  inch  long  on  the 
thumb.  The  quantity  of  pus  from  the  sores  was  large  at  this  particular 
time,  and  it  seems  impossible  that  she  did  not  get  germs  into  the  wound. 
This  fact  and  that  the  patient  has  mingled  with  several  other  children  in  the 
family  have  convinced  me  that  the  danger  of  infection  is  not  very  great. 

Internal  treatment  has  varied  somewhat.  Cough  mixtures  for  two  or  three 
weeks ;  calcium  sulphide  in  J-grain  doses ;  corrosive  sublimate  1/100  grain, 
with  quinine  sulphate  1  grain.  The  last  named  associated  with  wet  dress- 
ings of  1 :  100  carbolic  acid  seemed  to  do  the  most  good.  Two  small  pho- 
tographs were  taken  before  any  of  the  abscesses  had  been  opened.  A  larger 
one  was  made  May  25,  1899,  which  shows  the  present  condition  very  well 
(Plate  I.,  Fig.  1).  The  boy's  condition  has  improved  very  materially,  and 
my  opinion  is  that  he  will  fully  recover  in  another  month  (which  proved  to 
be  the  case). 

Bacterial  Examination.  The  glycerin-agar  tubes,  inoculated 
by  Dr.  Perkins  on  May  2d  and  again  on  May  10th,  all  developed 
pure  cultures  of  the  organism  in  question.  After  about  six  days,  the 
last  four  being  in  the  incubator  at  37°  C,  there  appeared  several 
grayish-white,  raised,  irregular  colonies,  about  as  large  as  a  pin- 
bead,  confined  exclusively  to  the  area  of  the  surface  of  the  medium 
covered  by  the  bloody  exudate.  In  one  tube  similar  but  smaller 
growths  appeared  in  a  small  quantity  of  exudate  accidentally  smeared 
upon  the  glass.  The  colonies  were  rather  dense  and  viscid  ;  consid- 
erable increase  took  place  and  wrinkled  masses  formed.  Repeated 
subcultures  upon  various  media  show  the  following  cultural  charac- 
teristics : 

Agar  (Plate  I.,  Figs.  2  to  4).  At  the  end  of  twenty-four  hours  in  the  incu- 
bator there  is  some  growth  of  a  grayish  color  and  granular  in  appearance  along 
the  streak  on  plain  and  glycerin  agar.  After  forty-eight  hours  the  growth 
appears  as  a  delicate,  slightly  raised,  whitish  line  with  symmetrical  feathery 
fringes  and  some  hairy  downgrowth  into  the  substance  of  the  agar.  At  the 
end  of  seventy-two  hours  the  growth  assumes  the  form  of  a  band  with  numer- 
ous transverse  wrinkles  ;  in  a  couple  of  days  more  the  surface  becomes  more 
markedly  corrugated  and  looks  like  the  chains  of  mountains  on  a   map. 
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About  the  seventh  day  the  growth,  which  has  increased  some  in  thickness, 
becomes  light  brownish  in  color,  the  margins  being  smooth  and  wavy,  marked 
by  shallow  transverse  grooves.  Still  later  the  growth  becomes  distinctly  and 
even  dark  brown,  the  surface  wrinkled  and  velvety,  in  some  cases  covered  by 
a  very  delicate  fuzz.     The  medium  becomes  slightly  brownish. 

On  wort-agar  a  thick,  yellowish,  wrinkled  membrane  develops,  extending 
some  distance  upon  the  sides  of  the  tube.  This,  or  glucose-agar,  is  one  of  the 
best  media  for  rapid  growth. 

The  individual  colonies  upon  glycerin-agar  plates  appear  at  the  end  of  two 
to  four  days  as  irregular,  grayish-white  dots,  0.4-1  mm.  in  diameter,  resem- 
bling somewhat  minute  flakes  of  snow.  Under  the  microscope  they  are  made 
of  a  central  network  of  threads  which  at  the  periphery  grow  outward  in  a 
radiating  manner  and  become  tipped  with  small  clusters  of  minute  doty; 
similar  dots  (conidia)  also  appear  along  the  sides  of  the  outgrowing  threads 
(Plate  ir.,  Fig.  5). 

Individual  colonies  on  agar  slants,  after  three  or  four  days,  appear  as 
minute  shreds  which  gradually  develop  into  round,  circumscribed,  raised, 
somewhat  pearly  masses,  which  send  fluffy  prolongations  into  the  medium ; 
later  the  surface  of  the  spreading  colony  becomes  raised  into  irregular  wrin- 
kles and  eventually  a  brownish  color  generally  appears. 

The  early  surface  growth  in  the  glucose-agar  stab  presents  a  whitish, 
beaped-up  centre  and  delicate  radiating  margins ;  with  time  a  uniform 
growth  develops  along  the  stab  with  fine,  thickly-set  lateral  branches.  No 
fermentation. 

In  one  or  two  instances  streak  cultures  upon  the  agar  have  resulted  in  a 
flat,  granular,  sparse  growth  only,  consisting  almost  wholly  of  round  and 
oblong  budding  bodies.  Subcultures  from  such  growth  give  rise  to  charac- 
teristic folded  and  wrinkled  membranes. 

Blood  Serum.  In  forty-eight  hours  small  colonies  appear  which  are  covered 
by  a  white  frosting  ;  the  growth  increases  slowly  but  presents  no  special  char- 
acteristics.    There  is  no  liquefaction. 

Oelatin.  The  deep  growth  is  confined  to  the  upper  end  of  the  stab ;  it  in- 
creases slowly  and  sends  out  lateral  branches  which  are  longest  immediately 
underneath  the  surface,  which  becomes  covered  by  a  flat,  spreading  layer.  At 
the  end  of  about  six  to  seven  days  a  slight  liquefaction  is  apparent ;  in  about 
fourteen  to  eighteen  days  later  the  liquefaction  is  nearly  complete,  the  surface 
is  covered  by  a  dense  membrane  which  has  a  tendency  to  sink  down  into  the 
clear  liquid. 

Wort-gelatin,  acid  gelatin,  and  4  per  cent,  glycerin  gelatin  are  more  favor- 
able for  growth,  and  liquefaction  takes  place  earlier;  on  shaking,  the  thick 
surface  layer  falls  to  the  bottom,  afterward  a  new  layer  forms  on  the  surface, 
and  delicate  threads  may  be  seen  growing  vertically  along  the  space  of  the 
tube.    The  liquid  gelatin  remains  clear. 

Potato.  Twenty-four-hour  cultures  show  a  slight  brownish-gray  or  yellow- 
ish nodular  growth  which  increases  quite  rapidly,  becomes  raised  and  wrin- 
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kled,  the  surface  presenting  soialler  and  larger  districts  of  a  white,  frosted 
appearance.  The  older  growths  become  discolored  at  the  same  time  as  the 
potato  is  darkened. 

Milk.  Litmus  milk  is  not  changed  in  color  and  not  coagulated  ;  but  slight 
growth  takes  place. 

Bouillon.  The  growth  is  fairly  abundant ;  little  tufts  or  shreddy  masses 
form  which  settle  at  the  bottom  or  cling  to  the  sides  of  the  tube ;  a  white, 
crumbling  surface-film  is  occasionally  observed  ;  no  change  in  reaction.  The 
rate  of  growth  seems  about  equal  in  plain,  glucose,  and  glycerin-bouillon. 

Vegetable  Infusions.  The  fungus  grows  in  hay,  turnip,  carrot,  and  potato 
infusions  as  a  whitish,  flocculent  precipitate,  the  fluid  remaining  clear. 

Hydrant  Water.     A  very  slight  growth  ? 

Gasperini's  Starch.  A  flat,  slightly  raised,  grayish-white,  hard  layer  forms 
rather  slowly. 

Fermentation  Test.  Glucose,  lactose,  and  saccharose  bouillon,  prepared 
according  to  the  method  of  Theobald  Smith,^  show  a  characteristic  growth 
in  the  aerobic  bulb,  the  anaerobic  tube  is  unchanged  and  there  is  no  gas 
formed. 

Aiia'erobiosis.    There  is  no  growth  in  the  tube  in  Buchner's  jars. 

Temperature.  The  optimum  temperature  for  development  would  seem  to 
be  about  37°  C. ;  good  growth  occurs  at  the  room-temperature,  but  at  a  much 
slower  rate.  No  growth  occurs  at  a  temperature  just  above  the  freezing-point, 
but  cultures  kept  at  this  temperature  for  five  weeks  remain  alive  and  give 
rise  to  vigorous  new  growths  on  reinoculation. 

Thermal  Death-point.  The  organism  is  killed  by  an  exposure  to  60°  C.  for 
four  and  a  half  minutes ;  a  slight  growth  occurred  after  an  exposure  to  this 
temperature  for  four  minutes.  No  growth  could  be  obtained  after  exposure 
to  59°  for  ten  or  five  minutes,  to  61°  and  62°  for  two  minutes,  to  65°  for  ona 
and  a  half  minute. 

Morphology.  Cover-slips  from  the  cultures,  stained  with  methylene- 
blue,  show  masses  of  mote  or  less  parallel,  or  tangled,  straight  or  curved,  un- 
evenly stained,  rather  thick  threads  with  rather  infrequent  true  side  branches. 
Interspersed  among  the  threads  lie  numbers  of  ovate  or  apiculate  bodies, 
from  3  to  5//  in  their  longest  diameter.  In  the  stained  preparations  no  de- 
finite connection  is  to  be  made  out  between  the  majority  of  the  bodies  and 
the  threads.  In  some  preparations  the  bodies  predominate.  Occasionally 
bodies  are  seen  connected  with  a  thread  by  a  small  pedicle.  The  threads 
seem  thinner  when  stained  with  Gram's  method,  which  gives  them  a  light 
violet,  granular  appearance  with  irregular  clear  spaces.  Gram's  method 
stains  the  spore-like  bodies  a  deep  blue  ;  occasionally  there  is  an  unstained 
area  in  their  interior.  Some  spores  appear  to  be  growing  out  to  form  short 
threads. 

In  the  unstained  preparations  and  in  hanging-drop  cultures  of  bouillon 
and  gelatin  the  threads  of  the  mycelium  are  seen  to  be  doubly  contoured  ; 

1  Journal  of  Experimental  Medicine,  1897,  ii.  p.  546, 
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the  protoplasm  is  somewhat  granular  and  interrupted  at  fairly  regular  inter- 
vals by  transverse  septa ;  the  diameter  of  the  threads  varies  somewhat,  the 
average  being  about  2  // ;  the  branches  are  not  frequent  and  do  not  bear  any 
fixed  relations  to  the  septa. 

In  the  hanging-drop  cultures  the  relations  of  the  conidia  to  the  mycelium 
are  very  nicely  shown.  The  spore-bearing  branches,  which  grow  out  in  a 
radiating  manner  from  the  central  felt-work,  are  commonly  tipped  by  a 
cluster  of  from  three  to  six  or  more  conidia,  which,  in  the  case  of  the  larger 
clusters,  are  attached  by  the  smaller  end  to  the  slightly  expanded  extremity 
of  the  branch.  Similar  ovate  buds  also  arise  from  the  sides  of  the  hyphae  at 
shorter  or  longer  intervals. 

The  spores  are  also  doubly  contoured  and  granular,  resembling  very  much 
yeast-cells. 

These  various  features  are  well  shown  in  the  photographs  of  the  growing 
hanging-drop  cultures  (Plate  II.,  Figs.  6  and  7). 

The  attachment  by  means  of  short  pedicles  of  the  spores  to  the  threads  is 
very  easily  severed,  as  shown  by  the  diflSculty  in  obtaining  stained  prepara- 
tions with  the  spores  in  situ. 

Development.  When  placed  in  the  hanging-drop  the  conidia  grow  out  into 
one  or  more  straight  germ-tubes  which  spring  from  either  or  both  ends  or 
from  the  sides.  These  embryonal  threads  again  give  rise  to  lateral  or  ter- 
minal buds,  which  in  all  particulars  resemble  the  spores,  and  some  of  which 
form  branching  spore-producing  threads,  so  that  in  the  early  stages  very 
peculiar-looking  bodies  are  produced. 

Histological  Examination.  A  small  bit  of  skin,  including  part  of  the 
wall  of  an  abscess,  was  excised  by  Dr.  Perkins  and  sent  to  me  in  alcohol. 
The  sections  show  some  thickening  of  the  epithelial  layer :  there  are  rather 
broad  interpapillary  downgrowths.  On  the  cutaneous  surface  there  is  much 
horny  material,  altered  red  blood-globules,  detritus  and  polymorphonuclear 
leucocytes  often  collected  into  dense  foci  within  and  upon  the  horny  layer. 
The  epithelium  and  the  cutis  show  many  leucocytes,  with  long  drawn-out, 
thread-like  and  contorted  nuclei,  apparently  going  in  various  directions  and 
also  aggregated  into  small  groups.     The  vessels  of  the  cutis  are  congested. 

Along  one  side  and  part  of  the  lower  or  deep  surface  of  the  section  there 
is  considerable  bloody  and  leucocytic  exudate;  the  adjacent  tissue  is  infil- 
trated with  leucocytes  with  great  elongated  nuclei  which  might  be  taken  for 
fragments  of  fungus  threads. 

In  sections  stained  by  the  Weigert  and  Gram  methods  are  short  threads, 
which  cannot  be  otherwise  distinguished  from  the  leucocytic  nuclei  men- 
tioned.    With  this  possible  exception  no  micro  organisms  are  seen. 

Animal  Experiments.  Rabbits.  I-II.  Injections  of  2  c.c.  of  a  twenty- 
four-hour  bouillon  culture  into  the  abdominal  cavity  and  into  the  ear  vein 
of  two  large  rabbits  respectively  produced  no  symptoms  in  eight  weeks. 

III.  A  few  drops  of  a  bouillon  culture  inserted  into  the  anterior  chambers 
of  the  eyes  of  a  small  rabbit  in  three  days  produced  a  moderate  whitish 
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exudate,  and  a  few,  pin-head-sized,  white  clumps  formed,  which  persisted  for 
two  days,  after  which  rapid  recovery  took  place. 

Ouinea-pigs.  I-III.  Intraperitoneal  injections  of  2  c.c.  of  a  suspension  in 
bouillon  did  not  produce  any  symptoms  or  changes  after  six  weeks  in  the 
case  of  three  animals. 

IV.  May  17th  I  injected  a  guinea-pig  with  2  c.c.  into  the  subcutaneous 
tissue  over  the  abdomen.  A  number  of  small,  pea-sized,  firm  nodules  de- 
veloped about  the  site  of  the  injection.  The  animal  died  May  29th.  The 
subcutaneous  nodules  were  small  abscesses;  in  the  pus  were  numerous  oval 
and  oblong  bodies  staining  irregularly  with  methylene-blue  and  with  Gram's 
method.  No  other  organisms  were  found  and  pure  growths  of  the  sporothrix 
developed  in  the  cultures  from  the  pus.  The  internal  organs  were  sterile  and 
of  normal  histological  structure. 

V.  A  guinea-pig  inoculated  subcutaneously  with  2  c.c.  July  25th  died 
August  18th.  There  were  no  local  changes  visible,  and  cultures  from  the  in- 
ternal organs  remained  sterile.  At  this  time  a  number  of  guinea-pigs  in  the 
laboratory  were  dying  from  unknown  causes. 

Dogs.  I.  Intravenous  injections  of  1  c.c.  of  a  suspension  in  bouillon  did 
not  produce  any  symptoms;  all  organs  appeared  to  be  normal  and  proved  to 
be  sterile  when  the  animal  was  killed  on  the  thirty-fourth  day. 

II.  Two  c.c.  of  a  bouillon  suspension  were  injected  into  the  subcutaneous 
tissue  of  a  large  female  dog.  In  a  few  days  a  small  swelling  appeared  which 
was  quite  tender ;  a  diffuse  slightly  tender  induration  remained  for  some  time. 

Twenty-eight  days  after  the  first  injection  2  c.c.  were  again  inoculated 
under  the  skin  of  the  thigh,  followed  by  the  development  of  a  small,  fluctu- 
ating swelling.  There  was  no  enlargement  of  the  corresponding  inguinal 
glands.  The  animal  was  killed  on  the  fifteenth  day.  The  internal  organs 
were  normal  and  sterile.  At  the  site  of  the  first  injection  was  an  area  of  scar 
tissue  which,  on  microscopic  examination,  showed  islands  of  marked  round- 
cell  infiltration  ;  no  organisms  could  be  demonstrated  in  the  sections,  and  the 
cultures  from  the  scar  tissue  remained  sterile. 

At  the  site  of  the  second  injection  was  a  small,  soft,  whitish  spot  or  cavity 
containing  a  gelatinous  material,  smears  and  cultures  from  which  showed 
the  organisms  injected  to  be  present  in  fair  numbers.  The  sections,  stained 
by  Gram's  method,  showed  organisms  in  fair  numbers  among  the  leucocytes 
in  the  little  cavity,  which  was  enclosed  in  a  recent  fibrous  tissue.  The  organ- 
isms resembled  somewhat  the  conidia  of  the  fungus,  stained  irregularly,  and 
varied  in  size,  being  oval  or  oblong,  and  from  2  to  3  or  4  //  in  length. 

III.  Intraperitoneal  injection  of  2  c.c.  of  a  bouillon  suspension  did  not 
produce  any  lesions,  the  organs  being  healthy  and  sterile  when  the  animal 
was  killed  on  the  twenty  sixth  day. 

White  Rats.  I.  Subcutaneous  injection  of  2  c.c.  of  a  bouillon  culture  did 
not  seem  to  have  any  effect,  the  animal  remaining  well  and  fat. 

II.  About  two  months  after  the  intraperitoneal  injection  of  2  c.c.  of  a 
bouillon  culture,  during  which  time  the  animal  remained  well,  it  was  noticed 
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that  the  scrotum  was  very  large  and  dragged  on  the  ground,  interfering  with 
the  animal's  movements;  the  hind  legs  were  oedematous.  Killed  by  chloro- 
form. The  larger  part  of  the  small  intestine  and  omentum  occupied  the 
two  sides  of  the  scrotum.  The  peritoneum  over  the  lower  third  of  the 
abdominal  cavity  and  lining  the  scrotal  cavities  was  covered  with  numerous 
yellowish,  tuberculiform  nodules,  arranged  now  singly,  now  in  groups  or 
clusters.  On  incision  each  nodule  was  found  to  contain  a  quantity  of  yel- 
lowish-gray, viscid,  purulent  material  composed  of  leucocytes  and  innumer- 
able, irregularly  stained  (Gram),  oblong  and  oval  conidia  from  2  to  4  ^  in 
length.  Many  presented  a  transversely  striated  appearance  ;  in  others  there 
was  a  clear  spot  near  one  end.  There  were  no  threads  present  in  the  pus. 
The  other  organs  seemed  normal ;  cultures  from  them  and  from  the  heart's 
blood  remained  sterile  :  no  organisms  were  present  in  any  of  the  smears.  The 
cultures  from  the  abdominal  nodules  gave  rise  to  innumerable  characteristic 
colonies  of  the  organisms  injected  only. 

The  sections  from  the  peritoneal  nodules  show  small  cavities  enclosed  in 
recent  fibrous  tissue ;  these  cavities  contain  polymorphonuclear  leucocytes, 
nuclear  detritus,  and  the  conidia  of  the  organism  in  large  numbers  f  Plate  II., 
Fig.  8),  most  numerously  just  around  the  inside  of  the  wall ;  here  they  are 
scattered  about  singly  or  arranged  in  groups ;  nearly  all  are  extracellular, 
but  intracellular  groups  occur.  If  the  Gram  stained  sections  be  allowed  to 
remain  in  alcohol  for  a  little  longer  time  than  that  just  sufficient  for  decol- 
orization  then  the  organisms  lose  their  stain  largely  and  may  appear  as  cocci 
or  short,  thick  bacilli  of  various  sizes.  The  organisms  cannot  be  distin- 
guished in  the  hsematoxylin  and  eosin  specimens.  Giant  cells  are  not  seen 
in  the  interior  of  the  abscesses,  but  in  the  recent  fibrous  tissue  of  the  walls 
lies  an  occasional  multinuclear  cell  of  the  tuberculous  type.  In  a  few  places 
the  appearances  indicate  beginning  abscesses;  the  first  effect  of  the  organ- 
ism is  a  necrosis  of  the  tissue  followed  by  cell  accumulation ;  it  cannot  be 
made  out  clearly  just  how  the  organisms  are  carried,  or  go,  from  an  older  to 
a  recent  focus;  the  presence  of  bodies  within  cells,  especially  leucocytes, 
indicates  that  they  may  be  transported  by  wandering  cells;  a  few  single 
bodies  are  found  scattered  about  in  the  tissue  outside  of  the  abscesses. 

Gray  Mice.  I.  Intraperitoneal  injection  of  0.5  c.c.  of  a  bouillon  suspen- 
sion produced  death  in  two  days.  There  was  a  purulent  peritonitis,  the 
organism  being  recovered  from  the  exudate  in  pure  growth.  The  internal 
organs  were  sterile  and  normal. 

II.  Subcutaneous  injection  of  0.5  c.c.  was  followed  by  death  after  two  days. 
There  were  no  special  changes  and  the  cultures  remained  sterile. 

III.  Subcutaneous  injection  of  0.5  c.c.  was  followed  by  evident  symptoms 
of  illness,  ending  in  apparent  recovery.  The  mouse  died  eighteen  days  after- 
ward, but  on  account  of  beginning  decomposition  no  cultures  were  made. 

IV.,  v.,  VI.  Subcutaneous  injection  of  0.5  c.c.  Twenty  days  later  one 
died,  but  the  body  was  eaten  by  one  of  the  survivors.  This  died  two  days 
later;  there  was  some  induration  about  the  site  of  the  inoculation,  the  tissues 
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being  dry  and  shrunken.  The  cultures  and  smear  preparations  were  nega- 
tive. About  this  time  the  third  mouse  showed  considerable  shrinking  about 
the  injection— at  the  root  of  the  tail ;  a  small,  dry  ulcer  formed,  one  of  the 
extremities  appeared  fixed  and  rigid,  so  that  the  animal  limped  a  good  deal. 
It  became  thin,  and  died  four  weeks  after  the  inoculation.  The  tissues  about 
the  ulcer  were  firm  and  fibrous ;  underneath  the  skin  over  the  upper  part  of 
the  right  thighs  and  extending  upon  the  under  surface  of  the  abdomen  was 
a  collection  of  whitish,  viscid,  caseous  pus,  which  contained  oval  and  oblong 
bodies  in  large  numbers,  and  growing  readily  on  glucose  agar.  The  internal 
organs  appeared  normal  both  on  gross  and  microscopic  examination,  and  the 
smears  from  them  did  not  show  any  organism. 

White  and  Tame  Mice.  Four  white  mice  were  inoculated  with  0.5  c.c  of  a 
forty-eight- hour- old  bullion  culture  under  the  skin  at  the  root  of  the  tail. 
All  reacted  in  about  the  same  way.  None  died  soon  after  the  injection.  In 
the  second  and  third  week  they  appeared  to  be  getting  thin.  Beginning  at 
the  root  of  the  tail  and  extending  for  a  variable  distance  over  the  back 
there  now  formed  a  hairless,  red  area  with  an  uneven  surface ;  scattered  over 
it  would  be  occasional  yellow  spots.  The  posterior  part  of  the  body  seemed 
more  or  less  shrunken,  the  hind  legs  stiff,  one  often  more  so  than  the  other; 
in  one  mouse  the  left  posterior  extremity  seemed  fixed  and  drawn  up  against 
the  body.  I  killed  one  with  chloroform  on  the  twenty-third  day,  one  died 
spontaneously  on  the  twenty-sixth,  one  on  the  thirty-fifth,  and  the  fourth  on 
the  fortieth  day.  In  all  there  was  found  some  undermining  of  the  edges  of 
the  ulcerated  surfaces  described ;  the  ulcer  was  superficial  and  did  not  extend 
into  the  muscles ;  at  some  points  the  tissues  about  the  margins  were  firm  and 
fibrous;  where  the  skin  was  undermined  small  quantities  of  semi-solid  cheesy 
material  were  found;  sometimes  such  collections  would  extend  for  a  con- 
siderable distance  in  the  subcutaneous  tissue;  this  material  was  composed 
largely  of  leucocytes,  and  among  them  were  found,  in  varying  numbers, 
organisms  like  the  conidia  of  the  fungus ;  in  one  animal  there  were  numer- 
ous cocci  also ;  in  this  case  the  cultures  were  mixed,  most  of  the  colonies 
being  cocci,  but  quite  a  few  colonies  of  the  fungus  developed.  In  all  cases 
the  internal  organs  were  normal,  with  the  exception  of  a  possible  enlargement 
of  the  abdominal  lymph  glands  ;  no  organisms  were  found  in  the  smears,  and 
the  cultures  remained  sterile  from  the  organs,  which,  including  the  lymph 
glands,  were  fixed  in  Zenker's  fluid ;  the  sections  showed  no  changes,  and 
organisms  were  not  found  in  those  stained  by  Gram's  method  or  otherwise. 

In  order  to  study  the  evolution  of  the  anatomical  changes  produced  by 
this  organism,  four  tame  mice  were  injected  simultaneously  into  the  abdomen 
with  1  c.c.  of  a  bouillon  suspension  of  the  same  culture  and  killed  at  succes- 
sive intervals  of  one  week  each.  At  the  end  of  the  first  week  a  number  of 
small  nodules  the  size  of  a  pin-head  had  developed  near  the  site  of  the 
injection  and  in  the  omentum  near  the  spleen,  which  was  adherent  to  the 
stomach ;  the  retroperitoneal  glands  were  not  enlarged ;  the  cultures  from 
the  nodules  remained  sterile ;  the  sections  (Weigert,  hsematoxylin,  etc.)  of 
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the  nodules  show  accumulations  of  cells  with  marked  nuclear  fragmentation 
and  the  formation  of  fibrin,  especially  at  the  periphery ;  scattered  about  are 
oval  and  lanceolate  organisms,  often  in  groups  of  four  to  six  more. 

At  the  end  of  the  second  week  there  were  found  nodules,  a  little  larger, 
scattered  principally  over  the  peritoneum  of  the  scrotal  pouches.  Cultures 
successful.  Sections  show  the  nodules  to  consist  largely  of  a  cellular 
granulation  tissue,  with  smaller  foci  of  marked  nuclear  disintegration,  con- 
taining a  much  larger  number  of  organisms  than  the  nodules  of  a  week's 
duration. 

The  third  mouse  died  spontaneously  on  the  twentieth  day  after  the  injec- 
tion. There  was  a  small  ulcer  over  the  lower  part  of  the  abdomen,  and 
innumerable  yellowish  areas  and  more  diffuse  flat  thickenings,  with  distinct 
spots  of  viscid  softening  over  all  parts  of  the  peritoneum,  the  under  surface 
of  the  liver,  etc.  Cultures  successful.  The  sections  show  the  tissue  to  be 
more  fibrous,  while  the  foci  of  softening  contain  granular  and  amorphous 
detritus,  small  nuclear  clumps,  and  innumerable  organisms  often  aggregated 
into  heaps  which  appear  as  blue  spots  visible  to  the  naked  eye.  In  none  of 
these  or  in  any  of  the  animals  were  fungous  threads  found  in  the  lesions. 

The  fourth  died  spontaneously  and  was  eaten  in  the  abdomen  by  another 
mouse  in  the  same  cage. 

There  can  therefore  be  no  question  but  that  the  spore-forms  multiply  in 
the  lesions  they  produce  in  susceptible  animals. 

Pigeons.  Subcutaneous  injections  in  two  white  pigeons  of  2  c.c.  of  bouillon 
cultures  did  not  produce  any  lesions  or  symptoms  in  three  weeks. 

There  can  be  no  doubt  in  regard  to  the  identity  of  the  organism 
described  by  Schenck  and  the  one  described  in  this  article.  The  two 
correspond  morphologically  and  culturally,  and  their  pathogenic  actions 
in  animals  are  the  same  with  the  exception  of  a  few  easily  explainable, 
insignificant  diiFerences.  Schenck  observed  a  general  infection  after 
subcutaneous  injections  in  mice  ;  as  far  as  I  know  this  did  not  occur 
in  any  of  the  animals  that  I  used,  and  I  obtained  more  decided 
pathogenic  effects  in  guinea-pigs  than  Schenck  seems  to  have  done. 
These  are  difference  that  might  reside  just  as  well  in  the  different 
races  of  animals  used  as  in  the  organisms.  In  a  personal  communica- 
tion Schenck  states  that  on  comparison  the  two  organisms  appear  iden- 
tical in  form  and  in  culture,  Through  the  kindness  of  Dr.  Schenck 
I  was  enabled  to  compare  the  two  organisms,  and  I  could  not  detect 
any  distinguishing  differences  either  culturally  or  morphologically. 
The  injection  of  Schenck's  fungus  into  the  abdominal  cavity  of  a 
mouse  (December  5,  1899)  was  followed  by  death  after  four  weeks, 
and  the  anatomical  and  histological  characteristics  of  the  lesions  did 
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not  differ  in  any  essential  from  those  of  the  lesions  produced  by  the 
organism  from  Dr.  Perkins'  case. 

It  is  regrettable  that  circumstances  prevented  the  demonstration  of 
the  organism  in  the  human  lesions.  More  thorough  study  of  the 
histological  changes  produced  by  the  organism  in  man  are  also  desir- 
able.    An  abscess  should  be  excised  in  an  early  stage  of  formation. 

It  is  exceedingly  interesting  to  note  that  we  have  here  a  pathogenic 
fungus  that  in  the  lesions  it  produces  in  animals  exists  in  the  spore- 
form,  or  in  a  modified  spore-form,  and  that  it  undoubtedly  multiplies 
as  such ;  threads  do  not  seem  to  develop  in  the  tissues  of  susceptible 
animals.  The  exact  manner  in  which  the  spores  reproduce  themselves 
under  these  circumstances  I  have  not  attempted  to  determine. 

The  fungus  produces  a  slow,  circumscribed,  and  nodular  inflamma- 
tion with  necrosis  and  pus  formation  in  the  centre  and  the  develop- 
ment of  granulation  and  fibrous  tissue  at  the  periphery — encapsula- 
tion. This  is  seen  especially  well  in  the  abdominal  cavity  of  white 
rats  and  mice.  The  destruction  of  tissue  after  subcutaneous  inocu- 
lation in  mice  may  be  quite  extensive,  large  ulcerated  surfaces  with 
undermining  and  purulent  infiltrations  at  the  margins  being  the  result. 
In  less  susceptible  animals,  such  as  the  dog,  dense  areas  of  scar  tissue 
are  produced. 

A  characteristic  clinical  feature  of  the  human  cases  is  the  refrac- 
tory nature  of  the  subcutaneous  abscesses.  This  was  pronounced  in 
both  Schenck's  case  and  in  the  case  under  Dr.  Perkins'  care.  Bray- 
ton^  describes  a  similar  case  clinically  ;  it  occurred  in  a  healthy  young 
florist  who  punctured  a  finger  with  a  wire  while  making  bouquets ;  a 
succession  of  chronic  abscesses  with  gelatinous  contents  appeared,  ex- 
tending during  a  period  of  two  months  from  the  finger  to  the  elbow, 
much  scarring  being  left  behind.  This  case  was  not  examined  bac- 
teriologically. 

The  three  cases  have  much  in  common;  in  all  a  succession  of 
similar,  refractory,  small  abscesses  of  the  upper  extremity  devel- 
oped consequent  upon  injury  by  similar  means ;  in  Schenck's  case 
the  scratch  of  the  skin  of  the  finger  by  a  nail ;  in  Perkins^  case  the 
blaw  upon  the  finger  by  a  hammer ;  and  in  Brayton's  case  the  punc- 
ture of  a  finger  by  a  wire. 

»  Indianapolis  Medical  Journal,  1899,  xviii.  p.  272. 
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DESCRIPTION  OF  PLATES  I.  AND  II. 

Plate  I. 

Fig.  1.— Photograph  of  arm  of  patient,  showing  ulcers  and  scars,  at  a  late  stage  of  the  lesions. 
Fig.  2.— An  original  culture  of  the  sporothrix,  three  weeks  old. 
Fig.  3.— Slant  culture  on  glucose  agar,  four  days  old. 
Fig,  4.— Slant  culture  on  glucose  agar,  eight  days  old. 


Plate  II. 

Fig.  5. — Colonies  on  glycerin  agar  plate,  forty-eight  hours  old. 
Fig.  6— Margin  of  living  hanging-drop  culture  (gelatin).    X  150. 
Fig.  7.— Same  as  Fig.  6.    x  1000.    Unstained  living  culture. 

Fig.  8. — Photograph  of  section  of  abdominal  nodule  in  white  rat.     X  1000.    Gram's  stain. 
Cells  and  spores,  the  latter  oblong  and  deeply  colored. 


DISCUSSION. 

Dr.  Flexner  :  I  have  followed  Dr.  Hektoen's  remarks  and  lantern  demon- 
stration with  much  interest,  and  from  them  I  have  little  doubt  that  the 
micro-organism  which  he  described  is  identical  with  that  described  by  Dr. 
Schenck. 

The  study  of  the  micro-organisms  isolated  from  refractory  subcutaneous 
abscesses  by  Dr.  Schenck  was  carried  out  under  my  observation,  so  that  I 
had  the  opportunity  of  following  the  details  of  his  investigation.  In  com- 
paring the  observations  made  by  Dr.  Schenck  with  those  of  Dr.  Hektoen  I 
find  that  in  so  far  as  they  have  made  common  experiments  there  is  but  one 
difference — namely,  the  successful  production  by  Dr.  Schenck  of  a  general 
invasion  of  micro-organisms  in  white  mice.  These  animals  were  inoculated 
subcutaneously  with  suspensions  made  in  bouillon.  Death  occurred  on  the 
sixth  to  the  tenth  day. 

Smear  preparations  from  the  seat  of  the  inoculation  showed  abundant  oval 
and  long  forms  of  the  micro-organism  ;  and  similar  organisms  were  obtained 
in  smears  from  the  lungs  and  liver,  but  in  smaller  numbers.  Cultures  from 
the  local  lesions,  lung  and  liver,  gave  pure  growths.  The  organisms  were  not 
recovered  from  the  kidney  and  from  the  heart's  blood. 

Microscopical  examination  of  the  tissues  showed  numbers  of  organisms  in 
the  liver,  lung,  and  spleen,  but  the  most  strikingly  characteristic  appearances 
were  found  in  the  lymphatic  glands,  where  the  organisms  were  readily  de- 
monstrable in  the  peribronchial,  perinephritic,  and  peritoneal  glands,  which 
contained  them  in  immense  numbers.  They  occurred  for  the  most  part  out- 
side of  and  between  the  lymphatic  cells,  although  at  times  they  were  seen 
within  the  cells. 
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Dr.  Da  Costa  :  I  would  like  to  say  a  few  words  about  the  therapeutics  of 
actinomycosis.  In  a  case  of  the  kind  that  has  come  under  my  observation 
iodide  of  potassium  given  in  large  doses  had  an  admirable  effect,  and  that  is 
what  the  veterinary  surgeons  use.  I  think  the  disease,  in  the  early  stages, 
can  be  checked,  and  perhaps  entirely  cured.  The  case  I  refer  to  was  one 
where  the  lungs  were  involved,  but  whether  the  treatment  would  succeed 
equally  well  in  cases  in  which  the  liver  or  spleen  is  involved  I  do  not  know. 

Dr.  Hektoen  :  In  answer  to  Dr.  Flexner's  statement,  I  would  like  to  say 
that  I  have  attempted  to  produce  septicaemia  in  mice  with  my  organism,  but 
so  far  have  not  succeeded.  That  is  the  only  point  in  which  this  organism 
differs  from  the  one  described  by  Schenck. 


GRAVES'   DISEASE   WITHOUT   EXOPHTHALMIC 
GOITRE. 


By  WILLIAM  H.  THOMSON,  M.D., 

OF  NEW  YORK. 


The  statement  that  Graves'  disease  may  exist  and  run  its  course 
without  any  sign  of  implication  of  the  thyroid  gland  or  of  exophthal- 
mos can  be  substantiated  only  by  first  showing  that,  beside  the  goitre 
and  exophthalmos,  the  other  symptoms  of  the  disease  form  a  group 
so  definite  and  specific  that  they  are  sufiicient  of  themselves  to  estab- 
lish the  diagnosis.  We  would,  therefore,  begin  with  a  brief  summary 
of  those  other  symptoms  to  demonstrate  that  no  diiferent  affection 
presents  any  such  clinical  picture ;  and  hence,  if  we  find  the  same 
picture  exactly  reproduced  both  in  its  chief  and  in  its  minor  details, 
we  must  conclude  that  no  other  but  Graves'  disease  can  be  present, 
even  though  the  two  striking  objective  symptoms  of  enlarged  thyroid 
and  eye  protrusion  be  entirely  absent.  Such  a  demonstration,  we 
think,  is  further  important  if  it  tends  to  prove  that  the  cases  without 
exophthalmic  goitre  are  not  incomplete  or  undeveloped  cases  of  the 
disease,  for  I  think  it  can  be  shown  that  in  the  respects  of  number, 
duration,  severity,  and  fatality  they  are  fully  equal  to  those  accom- 
panied by  goitre  and  exophthalmos.  If  sufficient  clinical  data  can  be 
produced  to  establish  this  fact,  then  exophthalmic  goitre  is  no  more 
essentially  related  to  Graves'  disease  than  haemoptysis  is  to  pulmonary 
phthisis.     It  is  a  common  symptom,  and  no  more. 

The  first  of  these  specific  symptoms  of  Graves'  disease  is  the  tachy- 
cardia. To  be  characteristic,  it  should  range  above  100,  should  be 
chronic  and  persistent,  always  present  at  every  examination,  through 
months  and  it  may  be  years,  and  entirely  independent  of  any  other 
cause  of  tachycardia.  These  postulates  would  exclude  cases  of  rapid 
action  of  the  heart  from  nervous  excitement,  for  such  are  not  per- 
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sistent ;  also  from  anaemia  and  debility,  for  these  are  controlled  by 
rest ;  also  febrile  tachycardia,  for  the  temperature  should  be  normal ; 
also  inflammatory  or  other  organic  derangements  of  the  heart  itself, 
because  these  also  should  be  absent ;  also  tachycardia  from  chronic 
cerebro-spinal  afl"ections,  for  there  should  be  no  signs  of  such  states ; 
and,  lastly,  the  tachycardia  of  some  patients  with  kidney  disease,  for 
in  the  great  majority  of  these  cases  the  kidneys  are  unaffected.  After 
all  such  causes  of  rapid  heart-action  have  been  excluded  it  will  be 
found  that  the  marked  tachycardia  of  Graves'  disease  is  evidently 
specific,  because  not  only  can  it  be  ascribed  to  nothing  else,  but  its 
independence  of  them  all  shows  that  it  is  due  solely  to  its  own  single 
special  cause  without  the  participation  of  any  other  element  or  condi- 
tion. This  fact  about  it  is  further  emphasized  in  its  being  almost 
invariable.  I  found  it  absent  only  twice  in  the  sixty-seven  cases  of 
my  present  report.  The  first  is  a  patient  with  goitre  but  without 
exophthalmos,  and  which  I  would  not  exclude  because  of  the  presence 
of  other  characteristic  signs.  The  second  is  a  case  without  goitre  or 
eye-change,  but  with  tremor  and  other  characteristic  symptoms,  and 
she  has  a  sister  with  pronounced  exophthalmic  goitre.  Both  these  cases 
are  of  recent  origin  comparatively,  and  the  tachycardia  may  not  yet 
have  had  time  to  develop.  I  need  only  add  that  sometimes  the  pulse 
falls  below  100  shortly  before  death  or  in  conditions  of  dangerous 
exhaustion  from  the  disease,  but  then  it  is  only  a  sign  of  approaching 
collapse  and  heart  failure.  Otherwise  it  may  be  termed  the  most 
persistent  of  all  forms  of  tachycardia,  generally  the  first  symptom  to 
develop  and  the  last  to  disappear. 

To  be  ranked  next  to  the  tachycardia  are  the  characteristic  nervous 
symptoms.  These  are  both  sensory  and  motor,  but  their  great  va- 
riety does  not  interfere  with  their  significance  as  characteristic  signs 
of  the  disease  because  they  are  grouped  in  a  fashion  found  in  no  other 
malady.  Among  affections  of  the  special  senses  may  be  mentioned 
pain  in  the  eyes,  amblyopia  and  diplopia  and  scotoma  or  colored 
spectra,  or  transient  blindness  almost  invariably  of  only  one  eye.  In 
the  ears  a  sense  of  throbbing  or  fulness,  transient  but  sometimes  per- 
sistent deafness,  tinnitus  and  severe  aural  vertigo ;  of  smell,  anosmia. 
Other  nervous  symptoms  are  insomnia  and  general  nervousness  closely 
resembling  that  accompanying  fear  or  fright ;  mental  depression,  most 
marked  in  the  morning  and  diminishing  in  the  evening.     A  peculiar 
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irritability  of  temper,  also  as  terminal  mental  symptoms,  delirium,  or 
mania.  Other  sensory  symptoms  are  also  very  characteristic  :  shifting 
pains,  causing  stiffness,  with  tenderness  of  muscles,  and  often  mis- 
taken for  rheumatism,  frequent  in  the  muscles  of  the  neck  ;  generally 
more  on  one  side  and  extending  up  to  the  ear.  A  very  curious  pain 
which  I  have  found  in  no  other  disease  is  a  peculiar  sensitiveness  to 
touch  of  the  auricle,  sometimes  of  both  ears,  but  generally  of  one,  and 
quite  persistent.  Pains  at  the  tips  of  the  fingers  and  toes ;  pain  in 
the  heels.  Cutaneous  itching,  shifting  in  site,  is  also  common.  Head- 
aches of  a  migrainous  type  are  very  common.  Of  the  motor  symp- 
toms, tremors  are  the  most  characteristic  and  greatly  resembling 
trembling  from  emotion  or  fear,  felt  by  the  patient  as  inward  and 
observable  by  others  in  voluntary  movements,  particularly  of  the 
right  hand.  These  tremors  are  characteristically  worse  in  the  morn- 
ing and  less  in  the  evening,  so  that  many  patients  cannot  write  till 
evening.  Weakness  of  the  voice  also,  like  that  produced  by  emotion, 
but  much  more  persistent.  Weakness  of  the  knees  is  very  charac- 
teristic, and  likewise  abasia  from  their  sudden  giving  way.  Transient 
motor  paralyses  also  occur,  particularly  of  the  seventh  nerve  or  in 
separate  branches  of  it. 

Equally  with  the  nervous  symptoms,  if  not  more  characteristic  of 
the  disease,  are  the  peculiar  disorders  of  the  digestive  functions. 
These  are  generally  among  the  earliest  symptoms  of  which  the 
patient  is  cognizant,  and  absent  at  the  beginning  of  the  history  in 
only  three  out  of  my  sixty-seven  cases.  They  are  both  gastric  and 
intestinal,  and  in  neither  case  accompanied  by  any  signs  of  an  in- 
flammatory or  subinflammatory  character.  The  gastric  symptoms 
are  anorexia  with  flatulence,  often  very  troublesome  and  obstinate ; 
nausea,  and  as  a  terminal  symptom  uncontrollable  vomiting.  The 
intestinal  symptoms  are  an  ill-defined  feeling  of  distress  through  the 
bowels  with  prostration,  even  after  natural  movements,  frequent  con- 
stipation, but  still  more  frequent  diarrhoea,  which  generally  occurs 
without  apparent  cause,  is  painless,  watery,  and  devoid  of  mucus, 
and  not  particularly  offensive.  Nocturnal  palpitation  and  morning 
mental  depression  very  commonly  accompany  the  diarrhoea.  Nutri- 
tive disorders  are  emaciation,  the  rule  in  chronic  cases,  and  often 
extreme.  Loss  of  hair  is  very  characteristic,  so  are  sweatings  and 
irritability  of  the  bladder,  especially  at  night. 
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As  the  disease  progresses  muscular  weakness  becomes  extreme. 
The  mode  of  death  is  strikingly  uniform,  usually  by  syncope. 

Such  being  in  brief  the  most  common  clinical  developments  of 
Graves'  disease,  I  submit  the  following  statistical  comparison  of  their 
occurrence  in  thirty-three  cases  with  exophthalmic  goitre  and  in  thirty- 
four  without  exophthalmos  or  goitre,  all  seen  by  me  in  my  private 
practice  or  in  consultation  with  other  physicians,  my  notes  beginning 
with  the  year  1888.  I  might  add  a  number  of  others  from  my  hos- 
pital experience,  but  for  the  fact  that  in  this  chronic  complaint  hos- 
pital patients  rarely  remain  there  long  enough  under  observation  : 

Cases  with  goitre,  29  females,  4  males ;  cases  without  goitre,  27 
females,  7  males. 

Tachycardia  present  in  the  cases  with  goitre,  31 ;  absent,  1.  With- 
out goitre,  present,  33 ;  absent,  1.  General  nervousness  in  those 
with  goitre,  pronounced  in  18,  common  in  7,  absent  in  7.  In  the 
cases  without  goitre,  pronounced  in  17,  and  particularly  in  5  patients, 
who  were  males.  Two  of  these  men  spoke  of  it  as  simply  maddening 
when  it  came  on  in  paroxysms.  In  only  2  of  the  12  female  patients 
with  this  symptom  very  pronounced  could  this  nervousness  be  said  to 
resemble  hysteria  at  any  time.  In  the  remaining  15  patients  without 
goitre  the  nervousness  was  occasional  in  8  and  absent  in  7. 

Tremor  was  present  in  the  33  cases ;  with  goitre  in  26,  not  stated 
in  3,  absent  in  4. 

Tremor  in  the  34  cases  without  goitre  was  present  in  23,  of  whom 
in  16  it  was  severe,  and  intermittingly  present  in  7.  The  right  hand 
was  specially  affected  in  7.  In  every  case  the  tremor  was  severe 
in  the  morning,  and  in  several  passed  off  altogether  in  the  evening. 
In  1  case  it  did  not  develop  till  nearly  two  years  after  the  tachycar- 
dia and  the  other  symptoms,  and  then  began  in  the  tongue,  followed 
by  the  hands  and  legs. 

Tremor  in  the  cases  without  goitre  was  absent  in  6  ;  not  stated  in  3. 

Tremor  of  the  eyelids  on  closing  was  the  most  constant  symptom  of 
all,  being  present  in  every  one  of  the  cases  with  goitre  and  absent  in 
only  1  of  the  cases  without  goitre. 

Pains  in  the  cases  with  goitre,  in  the  tips  of  the  fingers  and  toes, 
in  5.  In  3  mentioned  as  severe  in  the  teeth.  In  11,  in  the  arms 
and  legs.  In  5,  referred  to  the  region  of  the  heart.  In  10,  in  the 
muscles  of  the  neck — 3  on  the  right  side,  7  on  the  left  side.    Tender- 
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ness  to  pressure  of  the  auricles,  8  times ;  deeper  in  the  ear,  4  times. 
Pains  were  three  times  more  frequent  in  the  left  ear  than  in  the  right. 

In  the  cases  without  goitre,  7  complained  of  pain  at  the  finger- 
tips and  toes.  In  5,  in  the  heels  ;  in  10,  in  the  arms  and  legs.  In 
7,  referred  to  the  region  of  the  heart ;  in  16,  in  the  muscles  of  the 
neck — 13  on  the  left  side  and  3  on  the  right.  Tenderness  to  touch 
of  the  external  ear  was  present  in  14 ;  in  9  the  left  auricle  was  ex- 
clusively affected ;  in  2,  both  were  equally  affected,  and  in  3  it  was 
the  right  auricle  alone. 

Pains  were  not  complained  of  in  12  out  of  the  34  cases  without 
goitre.  Pains  in  the  eyes,  18  times  with  goitre,  14  times  without 
goitre.    Transient  blindness  of  one  eye  ;  once  in  a  case  without  goitre. 

Deafness,  more  or  less  transient,  was  complained  of  in  8  of  the 
cases  with  goitre ;  in  6  in  the  left  ear,  in  2  in  both  ears. 

Deafness  in  one  ear  was  present  in  11  cases  without  goitre — in  5 
of  the  right  ear,  in  6  of  the  left. 

Severe  vertigo  was  present  in  4  of  the  cases  with  goitre,  in  6  with- 
out goitre.     Abasia  in  6  cases  with  goitre,  in  4  Avithout  goitre. 

Falling  of  the  hair — in  12  cases  with  goitre,  in  8  cases  without 
goitre.  Sweating — 14  times  in  cases  with  goitre,  8  times  in  those 
without  goitre. 

Irritability  of  the  bladder — 14  times  in  the  goitre  cases,  11  times 
in  the  non-goitrous. 

Itching — 8  times  in  the  goitrous,  4  times  in  the  non-goitrous. 

Now,  as  we  have  remarked  before,  these  cases  without  goitre  cannot 
properly  be  classified  ''latent"  Graves' disease,  because  the  malady 
not  only  presents  clinically  just  as  severe  a  set  of  symptoms  and 
conditions,  but,  in  my  experience,  it  has  ended  fatally  in  a  greater 
number  of  those  without  than  those  with  goitre,  and  no  disease  which 
is  the  sole  cause  of  death  should  be  called  latent.  The  proper  term, 
then,  may  rather  be  "unrecognized"  than  latent,  and  is  another 
proof  of  the  disadvantage  of  naming  a  disease  after  symptoms.  I 
suppose  everyone  of  us  is  familiar  with  instances  where  the  presence 
of  tabes  was  for  long  unrecognized  simply  because  locomotor  ataxia 
was  but  little  pronounced. 

This  comparison  of  the  clinical  symptoms  of  these  two  classes  of 
patients  seems  to  me  to  show  that  those  without  exophthalmic  goitre 
suffered  from  the  same  disease,  and  from  no  other  disease,  as  those 
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who  had  exophthalmic  goitre.  The  correspondence  between  the  two 
classes  in  every  essential  particular  in  the  course  of  the  malady,  as 
well  as  the  same  ratio  in  both  of  peculiar  symptoms  or  accompani- 
ments, cannot  possibly  be  ascribed  to  coincidence  or  to  accident.  (See 
above.)  This  conclusion  is  also  further  borne  out  by  the  very  late 
occurrence  of  exophthalmic  goitre  in  several  of  these  patients,  and 
not  until  after  they  had  suffered  for  many  months  with  all  the  symp- 
toms, and  conversely  by  the  disappearance  of  the  goitre  for  a  like 
prolonged  period  in  others,  while  the  disease  continued  as  severe  as 
ever,  and  in  one  case  terminated  in  death  without  the  nature  of  the 
complaint  being  diagnosed,  simply  because  there  was  no  goitre  pres- 
ent, its  existence  three  years  before  having  been  admitted  to  me  at 
my  visit,  the  patient  being  then  first  questioned  about  it.  Lastly, 
the  thyroid  enlargement  varies  greatly  from  time  to  time  without  any 
appreciable  change  in  the  conditions  accompanying  the  goitre  in  those 
patients  who  do  have  it,  thus  showing  that  it  has  none  of  the  charac- 
ters of  a  constant  element  in  the  complaint. 

Another  conclusion  which  my  own  experience  has  led  me  to  hold 
strongly  is  that  Graves'  disease  is  a  much  more  common  complaint 
than  is  usually  supposed.  Owing  to  its  protean  symptoms,  such 
patients  are  often  wrongly  diagnosed  as  cases  of  hysteria,  neuras- 
thenia, neuralgia,  rheumatism,  dyspepsia,  chronic  diarrhoea,  etc.,  and 
most  unavailingly  treated  accordingly. 

On  the  other  hand,  a  further  proof  that  we  are  not  justified  in 
regarding  the  cases  without  exophthalmic  goitre  as  incomplete  or 
undeveloped  Graves'  disease  is  conclusively  shown  by  the  entire  want 
of  dependence  of  the  severity  of  the  affection  or  the  presence  or  the 
extent  of  the  thyroid  enlargement.  A  number  of  these  cases  with 
pronounced  goitre  suffered  much  less  from  the  other  symptoms  than 
those  who  never  had  any  goitre  at  all.  In  my  list  three,  and  proba- 
bly four,  cases  died  of  the  disease  without  goitre,  while  only  one  died 
with  the  goitre  and  exophthalmos  developed. 

The  bearing  of  these  facts  on  the  pathology  of  the  complaint  is 
obvious  in  one  particular  at  least,  and  that  is,  that  if  hypertrophy  of 
the  thyroid  gland  is  not  a  necessary  part  of  the  characteristic  course 
of  the  disease  it  may  not  be  a  necessary  factor  in  its  pathology.  In 
other  words,  affection  of  the  thyroid  gland  is  a  frequent  accompani- 
ment, but  not  an  essential  element,  in  the  disease.     Instead,  the 
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thyroid  gland  in  Graves'  disease  is  simply  behaving  like  any  other 
gland  in  that  its  secretion  is  not  spontaneous  or  primary,  but,  like 
the  parotids  in  salivation,  it  responds  to  the  presence  of  a  stimulus 
in  the  blood  which  leads  to  both  its  hypertrophy  and  its  hypersecre- 
tion. That  thyroid  hypersecretion  may  of  itself  cause  some  of  the 
symptoms  of  Graves'  disease  may  be  admitted  without  admitting  that 
such  hypothetical  hypersecretion  is  the  causa  causans  of  the  malady 
itself.  That  in  those  instances  in  which  there  is  no  palpable  enlarge- 
ment of  the  thyroid  or  any  other  signs  pointing  to  the  thyroid  being 
any  more  affected  than  the  parotids,  or  the  spleen,  that  there  is,  never- 
theless, a  latent  hypersecretion  sufficient  to  cause  even  death  is  a 
perfectly  gratuitous  assumption. 

But  as  it  is  not  my  present  purpose  to  discuss  the  pathology  or 
treatment  of  Graves'  disease,  I  will  *simply  close  by  saying  that  the 
demonstration  of  Graves'  disease  frequently  developing  without  ex- 
ophthalmic goitre  is  a  fact  that  points  elsewhere  than  to  the  thyroid 
as  the  primary  source  of  the  train  of  morbid  symptoms,  and  that  the 
marked  influence  which  diet  has  upon  the  symptoms  as  distinctly 
points  to  the  alimentary  canal  as  the  original  seat  of  the  developments 
which  finally  set  up  widely  distributed  processes  of  intoxication,  of 
which  irritation  of  the  thyroid  is  only  one  of  its  many  different  effects. 


DISCUSSION. 


Dr.  Edes  :  I  would  like  to  ask  Dr.  Thomson  whether  he  has  noticed,  among 
the  other  symptoms  he  has  analyzed,  an  excessive  sense  of  heat,  so  that  the 
patient  constantly  complained  of  great  discomfort  in  rooms  which  were  of  a 
temperature  at  or  even  below  that  found  agreeable  by  other  persons  ? 

Dr.  Thomson  :  Yes,  that  does  occur,  and  I  have  seen  it  together  with  a 
complaint  of  itching. 

Dr.  Janeway  :  I  would  say  that  I  regard  that  symptom  as  one  of  the 
most  constant  symptoms  of  Graves'  disease ;  it  is  nearly  always  present. 

Dr.  a.  McPhedran  :  I  desire  to  draw  attention  to  the  fact  that  in  many 
of  the  cases  in  which  exophthalmos  is  reported  to  be  absent,  with  the  emacia- 
tion that  usually  occurs,  there  is  no  corresponding  sinking  of  the  eyes,  show- 
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ing  that  there  is  after  all  some  degree  of  exophthalmos.  Such  was  the  con- 
dition in  two  cases  under  my  observation  within  the  last  three  months.  In 
both  of  them  exophthalmos  was  reported  as  absent ;  but  although  there  was 
considerable  emaciation,  there  was  no  sinking  of  the  eyeballs,  and  the  pal- 
pebral fissures  were  wider  than  normal,  showing  an  undoubted  exophthalmos 
of  slight  degree. 

Dr.  Thomson  :  My  attention  has  not  been  called  to  this  condition. 
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Much  has  beeu  writteu  upon  the  histological  changes  of  the  liver 
in  cirrhosis.  The  main  attention,  however,  has  been  paid  to  the 
problem  concerning  whether  the  interstitial  elements  or  the  liver 
cells  are  primarily  affected.  Hitherto  it  has  been  deemed  sufficient 
to  speak  of  the  increased  interstitial  tissue  simply  as  connective  tis- 
sue. The  introduction  of  specific  stains,  especially  in  the  last  two 
years,  for  demonstrating  elastic  tissue  has  made  it  possible  to  deter- 
mine what  part  of  this  so-called  connective  tissue  is  of  the  nature  of 
the  former  tissue.  The  application,  moreover,  of  certain  dissociating 
technical  methods  previously  employed  in  purely  histological  studies 
to  the  elucidation  of  the  same  problem  has  also  led  to  the  further 
differentiation  of  the  several  tissues  concerned  in  the  production  of 
the  ^'  fibrosis  '^  of  cirrhosis. 

That  white  fibrous  tissue  is  contained  in  the  human  liver,  espe- 
cially in  the  interlobular  spaces,  has  of  course  been  known  for  many 
years,  but  that  reticulum  is  also  a  regular  constituent  of  this  organ 
and  permeates  the  lobules,  we  have  come  to  know  since  the  studies 
of  digestion  by  Mall  {Johns  Hopkins  Hospital  Eeports,  vol.  i.,  p. 
171).  We  may,  however,  say  that,  so  far  as  the  technical  methods 
are  capable  of  indicating  at  this  time,  there  is  evidence  of  the 
occurrence  of  the  three  several  kinds  of  connective  tissue — white 
fibrous  tissue,  elastic  tissue,  and  reticulum — within  the  liver,  but 
that  the  distribution  of  the  tissues  varies.  The  ordinary  Avhite 
tissue  is  found  with  the  bloodvessels,  being  therefore  chiefly  marked 
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and  in  the  largest  quantify  in  the  interlobular  spaces.  Reticulum, 
on  the  other  hand,  occurs  especially  within  the  lobule  ;  the  fibrils 
are  fine,  and  not  usually  demonstrable  in  stained  preparations.  The 
elastica,  on  the  other  hand,  in  the  normal  organ  is  present  chiefly 
within  and  about  the  bloodvessels.  It  occurs  also,  as  will  be  seen, 
in  Glisson's  and  the  surface  capsules,  as  well  as  in  the  bile  ducts. 

The  quantity  of  elastic  tissue  varies  with  the  age  of  the  individual. 
In  children  it  is  present  in  less  amount  than  in  middle  age,  and  in 
the  latter  it  is  less  abundant  than  in  old  age.  The  chief  elastic  tis- 
sue is  contained  in  the  bloodvessels  and  in  Glisson's  capsule,  but 
it  is  found  in  the  hepatic  vessels  and  their  branches,  with  the 
exception  of  the  central  veins,  where  it  is  usually  absent,  or,  if 
it  occurs  at  all,  is  present  in  very  small  amount. 

The  hepatic  arteries  and  portal  veins  contain  a  well  developed 
elastic  membrane  in  the  adventitial  coats,  the  fibres  composing  the 
network  being  quite  uniform  in  size.  The  muscular  coats,  espe- 
cially of  the  arteries,  are  relatively  free  from  fibres.  The  bile  ducts, 
on  the  other  hand,  are  distinguished  from  the  bloodvessels,  inasmuch 
as  the  layer  of  elastic  tissue  in  the  wall  next  the  epithelium  consists 
of  a  very  delicate  fibrillar  network,  while  in  the  external  layer, 
which  corresponds  with  the  adventitia  of  the  bloodvessels,  a  thicker 
network  occurs.  A  cross-section  through  the  interlobular  vessels 
shows  that  the  elastica  of  the  external  layer  of  the  portal  vein, 
hepatic  artery,  and  bile  ducts  unite  into  a  network  which  surrounds, 
as  a  general  capsule,  the  interlobular  vascular  system.  Neither  the 
outer  nor  the  interlobular  capsule  sends  elastic  fibres  into  the  in- 
terior of  the  lobules.  The  stroma  of  the  lobules  in  normal  organs 
consist  solely  of  collagenous  tissue. 

Oar  knowledge  of  the  distribution  of  the  elastic  tissue  in  the 
liver,  both  in  health  and  in  disease,  we  owe  to  the  studies  of  Melni- 
kow-Rasnednekow  {Zieglers  Beitrdge,  xxvi.,  1899,  p.  526).  The 
studies  made  by  him  upon  such  pathological  conditions  as  atrophy, 
chronic  congestion,  and  cirrhosis  have  led  him  to  conclude  that  in 
chronic  morbid  hepatic  processes  associated  with  an  overgrowth  of 
connective  tissue,  this  element  is  chiefly  composed  of  elastic  tissue.  In 
simple  atrophy  of  the  organ  the  elastic  tissue  develops  in  the  periph- 
ery where  the  atrophy  usually  begins. 

Cirrhosis — atrophic,  mixed,  and  hypertrophic — give  rise  to  various 
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grades  of  the  new  formation  of  elastic  tissue,  depending  upon 
the  degree  of  the  atrophy,  the  duration  of  the  process,  and  probably 
its  nature.  More  elastic  tissue  is  found  in  the  atrophic  cirrhosis 
than  in  the  mixed,  and  more  in  this  than  in  the  hypertrophic.  The 
elastic  tissue  uses  the  interlobular  vessels,  especially  arteries,  portal 
veins,  and  bile  ducts  for  its  origination,  but  sometimes  the  hepatic 
veins  are  employed.  The  elastic  elements  grow  especially  in  Glis- 
son's  capsule,  but  sometimes  they  penetrate  into  the  acini  between 
the  rows  of  liver  cells. 

The  studies  which  shall  be  reported  briefly  in  this  paper  were 
carried  out  in  the  Pathological  Laboratory  of  the  University  of 
Pennsylvania  by  Drs.  Hatfield  and  Goepp.  They  had  for  their 
thesis  the  determination  of  the  nature  and  distribution  of  the  newly- 
formed  tissue  in  cirrhosis.  Account  was  taken  not  only  of  the  nor- 
mal and  pathological  distribution  of  the  elastic  tissue,  but  equally  of 
the  white  fibrous  tissue  and  reticulum.  Commonly  the  three  tissues 
were  followed  in  the  same  organ,  and  a  comparison  of  the  results  of 
the  use  of  special  technical  methods  as  applied  to  them  was  made. 

Methods  of  Study.  Elastica.  Two  methods  are  now  open 
to  use  for  the  demonstration  of  this  tissue,  both  being  in  the  nature 
of  specific  stains  ;  the  first  is  that  of  Unna,  in  which  orcein  is  em- 
ployed, and  the  other  that  of  Weigert,  which  employs  a  resorcin 
and  fuchsin  combination.  The  early  experiments  with  Unna's 
method  were  very  unsatisfactory,  because  it  was  found  that  the 
staining  was  irregular  and  inconstant.  On  the  other  hand,  AVeig- 
ert's  method  gave  from  the  beginning  a  constant  result ;  it  was 
therefore  employed  to  the  exclusion  of  the  former  method. 

In  the  study  of  the  amount  and  distribution  of  the  elastic  tissue, 
recourse  was  had  to  the  method  of  digestion,  for  the  purpose  of  con- 
trolling the  results  obtained  with  Weigert's  stain.  Inasmuch  as 
elastica  quickly  disappears  under  the  influence  of  pancreatic  diges- 
tion, that  element  could  easily  be  eliminated,  while  the  remaining 
connective  tissues  were  retained  in  the  sections,  thus  affording  a 
check  upon  the  perfection  of  the  selective  stain. 

Reticulum.  For  the  purpose  of  demonstrating  the  tissue  within 
the  lobules  of  the  liver,  the  digestive  method,  as  first  introduced  by 
Mall,  as  well  as  the  modification  of  Spalteholz  were  utilized.  By 
these  methods  both   fresh  and    preserved  tissues   in    sections   are. 
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digested  in  alkaline  solutions  by  means  of  pancreatin,  when  the 
parenchymatous  cells  and  the  elastic  tissue  are  completely  removed. 
There  remains  behind  a  framework  consisting  of  white  fibrous 
tissue  and  reticulum.  Mall  has  shown  us  what  the  normal  intra- 
lobular distribution  of  the  reticular  tissue  is.  Comparisons  are 
then  easily  made  between  the  normal  and  the  pathological  condition 
as  found  in  cirrhosis. 

White  Fibrous  Tissue.  In  the  study  of  the  white  fibrous  tissue 
of  the  liver,  stained  sections,  both  before  and  after  digestion,  were 
employed.  Beside  the  ordinary  stains  for  that  tissue,  and  the 
reticulum  stains  which  also  color  it,  the  recent  specific  stain  of 
Mallory  was  employed.  The  last  staining  method  was  found 
especially  useful  in  demonstrating  the  fine  fibrils  of  white  fibrous 
tissue  contained  within  the  liver  lobules  ;  but  inasmuch  as  this  stain 
also  colors  the  reticulum  its  use  is  somewhat  more  limited  than 
could  be  wished  ;  on  the  other  hand,  it  apparently  leaves  the  elastic 
fibres  unaffected.  Attempts  were  made  to  eliminate  the  white 
fibrous  tissue  by  digestion  in  caustic  alkaline  solutions,  but  with 
very  imperfect  success. 

Elastica.  For  the  purpose  of  study  of  the  pathological  distribu- 
tion of  this  tissue,  well-marked  examples  of  cirrhosis,  both  atrophic 
and  hypertrophic,  as  well  as  specimens  of  the  liver  which  macro- 
scopically  appeared  normal,  but  in  which  a  slight  proliferation  of 
cells  in  the  interlobular  tissue  had  taken  place,  were  employed.  In 
a  case  of  nodular  cellular  new  growth  small  accumulations  of 
lymphoid  cells  occurred  in  the  interlobular  tissue.  These  foci  of 
cells  are  usually  quite  small,  and  do  not  penetrate  into  the  lobules. 
There  is  a  very  slight,  indeed,  almost  unappreciable,  growth  of 
ordinary  fibrillated  connective  tissue  within  the  nodules.  On  the 
other  hand,  finer  and  coarser  fibrils  of  elastic  tissue  appear  among 
the  cells.  The  larger  the  periportal  space  the  coarser  the  fibrils 
that  occur  in  the  cellular  nodules.  In  another  specimen  of  local- 
ized interlobular  increase  in  the  connective  tissue,  in  which,  how- 
ever, the  new  tissue  is  very  poor  in  cells,  there  is  a  very  marked 
increase  in  elastic  tissue.  This  tissue  forms  a  quite  uniformly 
meshed  network,  surrounding  the  vessels  and  extending  throughout 
the  connective  tissue  growth.  There  is  in  this  case  almost  no  at- 
tempt to  invade  the  intralobular  tissue.     In  marked  examples  of 
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perilobular  cirrhosis  specimens  stained  for  elastic  tissue,  and  observed 
by  the  naked  eye,  present  an  insular  appearance.  The  islands  are 
pale  in  appearance,  vary  in  size  from  a  fraction  of  a  lobule  to  several 
lobules,  and  are  separated  by  dark  lines  of  elastic  tissue.  Microscopic 
examination  shows  that  these  dark  bands  correspond  partially  with 
the  hypertrophied  strands  of  Glisson's  capsule,  some,  however, 
proceeding  from  the  surface  capsule  and  extending  into  the  liver 
substance. 

The  indentations  of  the  surface  correspond  with  these  depressed 
masses  of  fibres.  There  is  a  continuation  of  the  elastic  tissue  in 
the  capsule  with  the  invading  processes  within  the  liver  sub- 
stances. The  fibres  in  the  capsule  are  arranged  in  the  form  of  a 
crenated  and  closely  woven  network.  A  similar  structure  is  appar- 
ent in  the  continuations  within  the  liver.  Newly-formed  and 
dilated  bloodvessels,  the  walls  of  which  are  composed  of  such  fibril- 
lated  tissue,  are  associated  with  the  new  growth.  In  some  places 
the  new  tissue  within  the  liver  substance  consists  of  very  closely 
anastomosing  bands,  in  the  midst  of  which  are  remnants  of  liver 
lobules.  Not  all  of  this  dense  tissue  stains  sharply,  but  the  sharply 
stained  fibres  have  the  same  meshed  and  crenated  appearance  as  is 
seen  about  the  capsule,  and  they  proceed  from  the  walls  of  blood- 
vessels and  bile  ducts.  In  the  specimen  being  described  there  are 
a  fair  number  of  so-called,  newly-formed  bile  ducts  ;  these,  it  should 
be  emphasized,  differ  from  the  normal  bile  ducts  in  that  they  pre- 
sent a  very  imperfect  development  of  elastic  tissue  about  them,  or 
in  that  they  may  be  entirely  deficient  of  such  fibres.  It  is  evident 
from  the  specimens  that  much  of  the  new  growth  of  interlobular 
tissue  is  not,  properly  speaking,  elastic  tissue.  The  new  formation 
of  elastic  tissue  in  this  form  of  cirrhosis  does  not  remain  limited  to 
the  periportal  tissues.  Just  as  in  this  condition  the  ordinary  con- 
nective tissue  invades  the  lobules,  so  may  the  elastic  tissue  appear  in 
that  situation.  The  degree  of  invasion  is  variable,  but  in  such 
specimens  as  I  have  examined,  it  is  not  common  to  find  much  new 
elastic  tissue  within  the  lobules,  unless  those  structures  have  been 
more  or  less  completely  destroyed  by  the  new  growth  of  tissue. 
The  elastic  tissue  penetrates  along  the  line  of  liver  cells,  usually  in 
the  form  of  fine  bands  or  strands.  In  an  instance  of  perilobular 
cirrhosis  in  which  there  was  much  cellular  infiltration  and  penetra- 
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tion  of  the  small  cells,  in  the  form  of  nodules,  into  the  lobules, 
fine,  wavy  and  anastomosing  fibrils  of  the  elastic  tissue  were  pres- 
ent within  the  intralobular  cellular  accumulations. 

Hypertrophic  Cirrhosis.  The  changes  in  this  condition, 
which  will  be  described,  are  based  upon  a  small  number  of  cases  in 
which  the  livers  were  markedly  enlarged  and  the  surface  smooth 
or  very  slightly  indented.  The  interlobular  new  growth  is  scantier 
than  in  the  previous  examples  described.  Weigert's  stain  indicates 
that  much  of  this  tissue  is  composed  of  elastica,  which  presents  in 
the  form  of  bands,  composed  of  branching,  anastomosing  fibres, 
many  of  them  starting  from  or  reaching  the  surface  capsule.  Where 
indentations  of  the  surface  are'present  they  correspond  with  these 
bands.  The  sections  are  cut  up  into  irregular  islands  of  pale 
color  by  the  bands  of  blue-stained  fibrils  which  proceed  from  the 
interlobular  tissue.  In  addition  to  these  grosser  bands  fine  wavy 
lines  extend  into  the  lobules,  subdividing  those  units  into  much 
smaller  units,  composed  of  a  few  liver  cells  or  even  single  cells. 
The  fibrils  last  described  often  suggest  continuity  with  the  reticu- 
lum and  the  capillary  walls  that  exist  between  the  rows  of  liver 
cells.  This  intralobular  growth  may  be  extremely  fine  and  very 
diffuse,  so  that  the  impression  is  obtained  that  a  large  part  of  the 
increase  in  size  of  the  liver  is  brought  about  by  this  intercolation. 
The  very  minute  fibres  come  out  with  such  distinctness  as  to  suggest 
that  they  may  have  been  drawn  with  a  pen. 

Beticulum.  For  the  study  of  the  changes  in  the  reticulum, 
several  different  specimens  of  atrophic  and  two  specimens  of  hyper- 
trophic cirrhosis  were  employed.  The  fresh  tissue  was  studied  by 
Mall's  method,  and  the  hardened  tissue  by  the  method  of  Spalteholz. 

Atrophic.  In  an  extreme  grade  of  this  form  of  cirrhosis 
digested  specimens  show  a  very  large  amount  of  new  tissue  in  the 
periphery  of  the  lobules  and  an  intralobular  invasion  of  coarse 
fibrils  derived  immediately  from  the  extralobular  growth.  Wher- 
ever the  Jobules  have  been  greatly  encroached  upon  the  reticulum  is 
correspondingly  reduced  in  volume ;  but  what  remains  has  not 
necessarily  undergone  any  change  in  arrangement  and  in  the  size  of 
the  individual  fibrils.  On  the  other  hand,  the  ingrowth  of  white 
fibrous  tissue  would  appear  to  take  place  in  such  a  way  as  to  utilize 
the  arrangement  afforded  by  the  reticular  fibres.     At  first  sight  it 


THE    NEW    TISSUE    IN    CIRRHOSIS    OF    THE    LIVER.      629 

might  be  supposed  that  the  coarse  fibres  just  mentioned  are  a 
modified  reticulum,  but  serial  sections  show  that  they  are  con- 
nected with  the  peripheral  new  growth  of  tissue.  The  great  diffi- 
culty of  separating  by  chemical  means  reticulum  and  white  fibrous 
tissue  makes  it  impossible  to  say  whether  after  all  some  of  the 
coarser  fibres  within  the  lobules  in  this  case  may  not  be  reticulum. 
What  is,  however,  very  important  and  should  be  emphasized,  is 
that  after  digestion  and  the  elimination  of  all  the  elastic  fibres 
there  still  remains  behind  a  large  amount,  indeed,  apparently  as 
large  a  volume  as  before,  of  collagenous  fibrils. 

In  other  specimens  in  which  the  perilobular  growth  is  less 
marked  than  in  the  previous  instance,  interesting  changes  were 
made  out  in  the  reticulum.  In  these  specimens  there  is  little  or 
no  invasion  from  without.  The  architecture  of  the  reticulum  is 
preserved  in  its  normal  arrangement,  but  the  individual  reticular 
fibres  are  hypertrophied,  the  greatest  degree  of  thickening  occurring 
in  the  periphery  near  the  thickened  interlobular  tissue.  While 
equally  hypertrophied  fibres  are  also  found  well  removed  from  the 
peripheries  in  the  centres  of  the  lobules,  yet  at  the  same  time  I 
prefer  to  speak  guardedly  with  reference  to  their  ultimate  nature. 
I  think  it  possible  that  the  fibres  have  proceeded  from  the  inter- 
lobular tissue,  in  which  case  they  are  not,  a  priori,  to  be  re- 
garded as  reticulum.  On  the  other  hand,  if  these  fibres  are  of  the 
nature  of  white  fibrous  tissue  they  represent  an  intralobular  inva- 
sion from  the  periphery,  which  ordinary  methods  would  not  expose. 
It  should  be  mentioned  here  that  the  study  of  the  finer  intralobular 
growth  of  the  connective  tissue  is  likely  to  be  much  facilitated  by 
the  new  staining  method  for  fibrous  tissue  recently  introduced  by 
Mallory  (Journal  of  Experimental  Medioine,  1900,  vol.  v.,  No.  1). 

Hypertrophic.  The  limited  number  of  specimens  (2)  which 
have  been  open  to  study  will  not  permit  of  any  far-reaching  con- 
clusions being  drawn.  The  main  alterations,  as  shown  by  these 
cases,  consist  of  a  much  more  moderate  new  growth  of  tissue  in  the 
periphery  of  the  lobules  and  a  finer  invasion  of  the  lobules  than 
in  the  previous  class  of  cases.  The  difference  between  the  original 
reticular  fibres  and  the  newer  fibres  is  easily  made  out  by  the  rela- 
tive coarseness  of  the  fibres  and  by  their  arrangement.  While  in  a 
general  way  they  follow  the  arrangement  of  the  reticulum,  they  are 

Am  Phys  34 


630  FLEXNER, 

in  places  so  increased  as  to  obliterate  the  original  architecture,  and, 
in  addition,  they  come  together  in  what  might  be  termed  centres, 
from  which  the  fibres  radiate  in  all  directions.  These  stellate  centres 
form  a  good  index  of  the  degree  of  lobular  invasion. 

White  Fibrous  Tissue,  This  tissue  has  been  considered  in  two 
previous  sections.  All  attempts  to  eliminate  it  from  the  prepara- 
tions by  means  of  caustic  alkaline  solutions  were  more  or  less  un- 
successful. By  exclusion  of  the  elastic  element,  on  the  one  hand, 
and  the  consideration  of  the  reticulum  on  the  other,  the  conclusion 
was  reached  that  white  fibrous  tissue  is  a  constant  and  abundant 
constituent  of  all  forms  of  marked  cirrhosis  ;  that  in  certain  very 
cellular  examples  it  is  present  in  small  amount,  and  perhaps  is 
exceeded  by  the  elastic  element  ;  but,  on  the  other  hand,  wherever 
fibrillated  tissue  is  present  to  any  extent,  notwithstanding  the  pres- 
ence of  elastica  in  large  amount,  there  is  also  present  equally  large 
or  larger  amounts  of  white  fibrous  tissue. 

Conclusions.  1.  In  all  forms  of  cirrhosis  the  white  fibrous 
tissue  is  increased. 

2.  Along  with  the  increase  of  white  fibrous  tissue  there  is  a  new 
formation  of  elastic  tissue.  This  new  elastic  tissue  is  derived  from 
pre-existing  tissue  in  the  adventitia  of  bloodvessels  and  the  hepatic 
capsules. 

3.  Both  white  fibrous  tissue  and  elastic  tissue,  in  all  forms  of 
cirrhosis,  may  penetrate  into  the  lobules.  This  penetration  takes 
place  along  the  line  of  capillary  walls  or  follows  the  architecture 
of  the  reticulum.  The  chief  distinctions  between  the  histology  of 
atrophic  and  hypertrophic  cirrhosis  depend  upon  the  degree  of  extra- 
lobular  growth  and  the  freedom  with  which  the  lobules  are  invaded. 
In  hypertrophic  cirrhosis  there  would  appear  to  be  less  interlobular 
growth  and  an  earlier  and  finer  intralobular  growth. 

4.  The  alterations  in  the  reticulum,  per  se,  consist,  as  far  as  can 
be  made  out  at  present,  of  hypertrophy  rather  than  hyperplasia  of 
the  fibres.  It  is  still  uncertain  whether  any  of  the  differential 
methods  now  in  use  suffice  to  distinguish  between  the  reticulum 
and  certain  fibres  derived  from  the  white  fibrous  tissue  of  the 
periphery  of  the  lobules. 
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DISCUSSION. 

Dr.  F.  C.  Shattuck  :  In  what  sense  does  Dr.  Flexner  use  the  terms  atro- 
phic and  hypertrophic  cirrhosis  ? 

Dr.  Flexner  :  I  use  the  term  atrophic  to  mean  the  small  granular  liver, 
and  hypertrophic  for  the  large  smooth  liver,  usually  with  jaundice. 

Dr.  Shattuck  :  The  result  of  Dr.  Flexner's  studies  does  not  seem  to  har- 
monize with  clinical  observation.  The  very  terms  "atrophic"  and  "hyper- 
trophic "  involve  confusion.  We  see  two  distinct  groups  of  cirrhosis  of  the 
liver:  first,  that  with  ascites  and  no  jaundice;  second,  that  with  jaundice 
and  no  ascites.  In  one  portal  vein,  in  the  other  bile-duct  obstruction  is 
present.  In  the  first  group  the  liver  may  or  may  not  be  enlarged— in  my 
experience  it  usually  is  so — in  the  second  it  is  always  enlarged.  Dr.  Flexner 
finds  the  new  growth  along  the  course  of  the  bloodvessels  in  the  second 
group.  And  yet  it  is  the  bile-ducts  rather  than  the  bloodvessels  which 
seem  to  be  compressed  or  obstructed. 


ANEURISM    OF    THE    ARCH    OF    THE    AORTA,    WITH 
RUPTURE  INTO  THE  SUPERIOR  VENA  CAVA. 


By  ALFRED  STENGEL,  M.T). 

OF  PHILADELPHIA. 


Among  the  terminations  of  aneurism  of  the  arch  of  the  aorta,  one 
of  the  rarest  is  that  which  occurred  in  the  case  that  forms  the  basis 
of  this  report.  Most  of  the  recorded  cases  are  analyzed  in  the  paper 
presented  before  the  Association  in  1890  by  Drs.  Pepper  and  GriflSth. 
An  interesting  case  in  which  the  condition  was  recognized  during  life 
was  subsequently  published  by  Dr.  Alex.  Bruce^  in  1895.  I  venture 
to  record  the  present  case  because  its  characteristic  features  permitted 
a  recognition  during  the  life  of  the  patient,  and  because  it  further 
illustrated  some  points  in  the  prognosis  which  the  analysis  of  previous 
cases  had  made  clear. 

I  am  indebted  for  the  notes  of  the  case  and  the  privilege  of  report- 
ing it  to  Dr.  W.  O.  Xander,  with  whom  I  saw  the  patient. 

C.  H.,  a  German-American,  aged  thirty  years,  a  teamster.  Weight,  150 
pounds.  He  used  no  alcohol,  and  smoked  moderately.  The  family  history 
was  good;  both  parents  living  and  well.  He  had  two  sisters  and  three 
brothers,  of  whom  one  is  suffering  from  post-typhoid  insanity.     (Fig.  1.) 

The  patient  had  scarlet  fever  at  four,  and  an  attack  of  inflammatory  rheu- 
matism at  twelve;  at  twenty-five  a  second  attack,  which  lasted  four  months. 
He  had  gonorrhoea  three  years  ago,  and  was  treated  irregularly  by  a  drug- 
gist. The  running  kept  up  for  eight  weeks ;  since  then  he  has  had  difficulty 
in  passing  urine.  A  month  before  the  fatal  illness  he  had  another  attack  of 
rheumatism,  which  kept  him  in  the  house  for  three  weeks.  His  doctor  told 
him  to  go  to  work  to  get  the  stiffness  out  of  his  bones.  He  accordingly  went 
to  work,  hauling  pipes,  and  felt  very  tired  all  week,  and  had  shortness  of 
breath  on  going  up  stairs.  There  was  no  swelling  of  his  feet.  His  appetite 
was  good. 

Present  History.  January  27,  1900.  At  3  o'clock,  while  at  work,  he  sud- 
denly felt  a  dull  pain  in  the  chest  and  a  choking  sensation  in  his  throat. 

1  Edinburgh  Medical  Journal,  vol.  xl.,  Part  II.,  p.  896. 


Fig.  1. 


From  a  photograph  of  the  patient  taken  a  short  time  before  his  illness. 


Fig.  2. 


Appearance  of  patient  after  onset  of  the  disease.    The  dark  discolorations  on  the 
chest  and  shoulder  are  ecchymoses. 


ANEURISM    OF    THE    ARCH    OF    THE    AORTA.  533 

Immediately  he  began  to  swell,  and  was  taken  to  his  home,  and  Dr.  Xander 
sent  for  at  5  o'clock.  The  pulse-rate  was  90,  temperature  96°,  respirations 
24.  He  complained  of  fulness  and  pain  in  the  throat.  His  neck  and  face 
very  much  swollen  and  cyanosed.  Examination  of  the  throat  was  negative. 
At  10  P.M.  the  swelling  and  distention  of  the  veins  extended  down  over  the 
clavicles ;  there  was  no  pain,  but  very  great  restlessness ;  he  complained  of 
dryness  and  choking  in  the  throat. 

28^A.  No  sleep.  Temperature  95.4°  (mouth),  99.5°  (rectal),  pulse  90,  res- 
pirations 24  and  labored,  though  the  resonance  was  good  over  both  lungs. 
The  nose  and  ears  were  very  much  cyanosed.  The  veins  on  his  forehead 
greatly  distended,  and  there  was  free  perspiration  about  his  head.  The 
lower  half  of  the  body  was  normal.     Air  hunger  was  marked.    (Fig.  2.) 

I^th.  CEdema  and  cyanosis  have  now  involved  the  chest,  both  anteriorly 
and  posteriorly  to  the  waist  line.  Size  of  neck,  eighteen  and  one-half  inches. 
In  health  wore  a  sixteen  collar.  Choking  became  more  marked.  Thought 
he  might  strangle,  so  called  in  Dr.  Roberts  to  intubate  him.  He  suggested 
venesection. 

^Oth.  No  sleep.  Is  not  able  to  lie  down.  Neck  measures  nineteen  and 
one-half  inches.  Opened  cephalic  vein  and  allowed  twenty-one  ounces  of 
blood  to  flow  out,  which  gave  him  considerable  relief.  Though  no  decrease 
in  the  size  of  the  chest  or  neck,  it  was  noticed  that  cyanosis  was  somewhat 
less  marked. 

^\st.  Dozed  for  a  few  minutes  at  a  time  sitting  in  a  chair.  Voided  six 
ounces  of  urine.     Bowels  opened  with  calomel.     Basham's  mixture  ordered. 

February  \st.  Temperature  97.4°,  pulse  96  ;  urine,  ten  ounces  in  twenty- 
four  hours.  Scrotum  beginning  to  swell.  Venesection  (brachial),  fifteen 
ounces.  (Edema  appears  in  both  arms,  right  more  than  the  left.  Veins  on 
back  very  prominent.     Blue  veins  along  the  waist  line  fading  away. 

2c?.  Only  sleeps  a  few  minutes  at  a  time  in  a  chair.  Complains  of  weight 
of  scrotum.     Went  down  stairs  twice  to  wash. 

3c?.  Swelling  in  arms  increased ;  no  oedema  in  feet.  Size  of  scrotum  is 
uncomfortable. 

Mh.  Made  deep  puncture  into  scrotum  and  bandaged  it  tightly  to  hasten 
the  flow  of  serum.     Venesection,  nine  ounces. 

bth.  Says  he  feels  better.  Scrotum  much  reduced  in  size.  Still  dozing. 
Temperature  98°,  pulse  100.     Feet  beginning  to  swell. 

Qth.  Slept  a  few  hours  under  chloral  and  potassium  bromide,  10  grains 
each.     Cannot  lie  down. 

7th.  Very  restless  during  night,  even  irritable  at  times.  No  pain ;  right 
foot  swells  more  than  the  left.     Has  headache.     Urine,  fourteen  ounces. 

^th.  Temperature  99^,  pulse  weak,  respirations  24.  Appears  to  dream  a 
good  deal,  but  can  readily  be  aroused  and  appears  rational. 

Idth.  Scrotum  filling. 

nth.  Is  very  irritable ;  complains  of  sick  stomach.  Bowels  open ;  no  pain  ; 
wants  to  go  down  stairs. 
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12th.  Scrotum  increasing  in  size. 

l^th.  Very  uncomfortable ;  walks  constantly.     Sleeps  only  when  drugged. 

14ith.  Slept  poorly  during  the  night.  Complains  of  pain  in  scrotum,  which 
measures  eighteen  inches  in  circumference.  Vertigo.  Urine,  ten  ounces. 
Bowels  open.  Temperature  100°,  respirations  irregular,  average  26;  pulse 
120,  and  weak.     Ordered  potassium  acetate. 

Ibth.  CEdema  of  scrotum  extends  into  both  inguinal  regions.  Painful. 
Scarification  gave  immediate  relief,  by  relieving  pressure  in  the  lymph  chan- 
nels.    Bowels  open  freely.     Urine,  seventeen  ounces. 

lUh.  Feels  better.  Scrotum  much  reduced  in  size.  No  pain  ;  only  drag- 
ging.    Urine,  eighteen  ounces.    Swelling  increasing  in  both  lower  limbs. 

18^A.  Basham's  mixture.  Passed  eighteen  ounces  of  urine.  Bowels  open 
freely.  Says  he  feels  comfortable ;  only  a  choking  and  fulness  in  the  throat. 
Is  tired  of  room,  and  wishes  to  go  down  stairs.  Has  been  smoking,  and  is 
hungry.     Complains  of  headache. 

20th.  Is  getting  restless ;  headache ;  pulse  weak  and  easily  compressible. 
Sits  in  a  semi-conscious  state  a  great  deal,  and  talks  wildly.  Cheers  up  when 
aroused. 

'ilst.  Pulse  130,  weak;  temperature  101°,  respirations  28  and  labored, 
though  he  is  able  to  take  a  long,  deep  inspiration.  Was  very  restless  during 
the  night.  Delirious  when  dozing.  In  one  of  these  spells  he  tried  to  jump 
out  of  a  window.  Early  in  the  morning  came  down  stairs.  Bowels  moved 
three  times  ;  urine,  twenty  ounces.  Scrotum  very  large  again,  and  in  right 
leg  swelling  extends  a  hand-breadth  above  the  knee ;  in  the  right,  almost 
up  to  the  knee.  Died  in  convulsion  at  11.45  a.m.  Conscious  twenty  min- 
utes before  his  death. 

I  first  saw  the  patient  with  Dr.  Xander  on  January  31st.  At  that  time  I 
noted  the  extreme  swelling  of  the  neck,  especially  above  the  clavicles,  and 
the  oedema  of  the  face,  arms  and  chest  as  far  as  the  lower  thoracic  or  upper 
abdominal  region.  There  was  a  sharp  line  of  demarcation  formed  by  the 
limit  of  swelling  and  by  a  zone  of  deep  cyanosis  and  ecchymosis,  which 
passed  around  the  body  a  little  below  the  ensiform  cartilage.  The  superficial 
veins  of  the  neck  and  upper  thorax  were  greatly  enlarged,  but  the  deeper 
veins  of  the  neck  could  not  be  seen  or  felt  on  account  of  the  great  oedema. 
There  were  several  ecchymoses  on  the  right  shoulder.  The  lower  half  of  the 
body  and  the  legs  presented  a  wholly  normal  appearance.  The  patient  could 
not  lie  down,  and  sufiered  with  great  dyspnoea  in  any  position. 

Physical  examination  was  somewhat  difficult  on  account  of  the  degree  of 
oedema.  The  cardiac  beat  was  vigorous,  heaving  and  situated  outside  the 
mid-clavicular  line  in  the  sixth  interspace.  A  second  centre  of  pulsation 
was  detected  in  the  region  of  the  right  third  interspace,  but  this  was  diffuse 
and  feeble.  It  was  best  developed  by  having  the  patient  lean  forward  so  as 
to  throw  the  thoracic  contents  against  the  anterior  wall  of  the  chest.  There 
was  no  thrill.  The  radial  pulses  were  nearly  equal,  the  right  seeming  a  little 
stronger  than  the  left. 
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On  percussion  an  area  of  dulness  was  found  to  the  right  of  the  sternum, 
extending  from  the  second  to  the  fourth  ribs  and  from  a  line  one  and  one- 
half  inch  beyond  the  right  border  of  the  sternum  to  the  left  side  of  the 
sternum.  Below  and  to  the  left  the  dulness  was  continuous  with  that  of  the 
heart.  The  cardiac  outlines  were  bounded  above  by  the  third  rib,  below  by 
the  seventh,  and  the  extreme  left  limit  was  three  quarters  of  an  inch  beyond 
the  left  raid-clavicular  line.  Pulmonary  resonance  was  normal  on  both 
sides.  The  liver  extended  from  the  sixth  rib  to  within  an  inch  of  the  um- 
bilical line.    The  spleen  could  not  be  felt. 

Over  the  area  of  dulness  to  the  right  of  the  sternum  there  was  a  murmur 
which  was  immediately  recognized  as  having  the  peculiar  characters  of  a 
venous  bruit.  It  was  contiguous,  but  much  increased  during  ventricular 
systole.  The  diastolic  portion  was  long  and  vibrating  in  character,  the  sys- 
tolic short  and  rather  harsh.  Excepting  for  the  peculiar  humming  charac- 
ter of  the  diastolic  sound,  the  murmur  did  not  differ  greatly  from  the  double 
murmur  some'times  heard  in  aneurisms  of  the  first  part  of  the  aorta  or  in 
aortic-valve  disease.  The  murmur  was  transmitted  to  the  right  as  far  as  the 
anterior  axillary  line,  but  scarcely  at  all  to  the  left.  It  could  not  be  heard  much 
beyond  the  left  border  of  the  sternum.  The  systolic  sound  was  distinct  over 
the  body  of  the  heart,  but  the  diastolic  was  scarcely  at  all  transmitted  in  a 
downward  direction.  Abnormal  phenomena  were  sought  for  in  the  arteries 
and  veins  of  the  neck  and  arras,  but  were  wanting.  The  second  sound  of 
the  heart  was  inaudible  in  the  aortic  region,  and  was  only  faintly  heard  over 
the  pulraonary  artery.  The  breath  sounds  were  equal  in  the  two  sides,  and 
fremitus  was  likewise  equal.  There  were  sonorous  and  sibilant  rales  and  some 
subcrepitant  crackles  at  both  bases.  Nothing  abnorraal  was  found  in  the 
abdomen. 

Autopsy.  Body  of  a  man,  about  five  feet  seven  inches  or  eight  inches  in 
height.  Enormous  swelling  above  the  waist  line  and  very  slight  below  the 
waist,  the  feet  and  legs  to  the  knees  and  the  scrotum  being  involved.  The 
latter  was  discolored,  the  skin  being  a  grayish-blue  color,  evidently  in  a  state 
of  beginning  necrosis.  There  were  several  incisions  in  it,  at  the  bottom  of 
which  grayish-yellow  putrid  tissue  was  visible.  The  swelling  of  the  upper 
part  of  the  body  was  found  to  be  due  to  tense  oedema,  and  the  skin  was  of  a 
mottled  character,  bluish  in  certain  areas,  and  in  some  places  showing  dis- 
tinctly enlarged  veins.  There  were  a  number  of  incisions  near  the  right 
shoulder,  and  about  both  arras  where  punctures  had  been  raade  during  life. 
On  incision  through  the  middle  line  the  skin  and  subcutaneous  tissues  were 
found  to  be  hard,  and  could  be  cut  only  with  difficulty.  Dark  venous  blood 
flowed  freely  from  the  incised  tissues  above  the  waist  line.  On  close  inspec- 
tion it  was  found  that  the  veins  of  the  subcutaneous  tissue  were  greatly 
enlarged,  though  flattened  out  by  the  pressure.  They  presented  the  ap- 
pearances of  the  uterine  sinuses,  and  the  blood  flowed  in  steady  streams. 
Below  the  waist  line  the  incision  was  entirely  dry,  as  the  incision  is  cus- 
tomarily at  autopsies. 
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On  removal  of  the  sternum  and  ribs  both  pleural  cavities  were  found  to 
contain  large  quantities  of  serum,  but  this  was  particularly  the  case  on  the 
right  side,  where  the  effusion  extended  quite  to  the  clavicle,  and  the  dia- 
phragm was  depressed.  The  liver  was  pushed  down  and  extended  to  within 
2  or  3  cm.  of  the  umbilical  line.  The  lungs  were  considerably  compressed 
and  oedematous.  On  section  frothy  liquid  flowed  from  the  bronchi,  and  the 
substance  of  the  lungs  throughout  was  cedematous.  After  removal  of  the 
lungs,  the  azygos  veins  and  intercostal  veins  were  observed  and  found  greatly 
enlarged.  The  large  veins  at  the  root  of  the  neck  could  not  be  well  identi- 
fied, but  were  evidently  enlarged,  though  bleeding  from  the  subcutaneous 
veins  had  probably  reduced  their  size,  as  the  amount  of  blood  lost  in  this 
way  was  very  considerable.  The  pericardium  was  incised,  and  was  found  to 
be  thickened,  and  the  tissues  in  the  region  of  the  remnant  of  the  thymus 
were  especially  (edematous  and  indurated.  The  appearance  was  that  of  a 
secondary  sclerosis  following  long  continued  oedema. 

The  heart  was  found  greatly  enlarged,  and  its  substance  evidently  quite 
flabby.  The  color  as  seen  through  the  epicardium  was  decidedly  pale  and 
somewhat  yellowish,  and  the  course  of  the  coronary  vessels  was  marked  by 
yellowish  deposits  of  fat.  On  incision  the  substance  of  the  left  and  right 
ventricles  was  found  to  be  very  soft,  and  the  color  grayish-yellow.  The 
right  ventricle  was  particularly  affected,  and  the  walls  so  much  thinned  and 
weakened  that  the  papillary  muscles  could  be  distinguished  from  the  outside 
as  nodular  areas  of  hardening.  On  incision  into  the  chambers,  fluid  blood 
was  removed,  and  the  cavities  on  both  sides  were  greatly  enlarged.  The 
tricuspid  orifice  was  quite  evidently  dilated ;  the  hand  could  almost  be  passed 
through  this  orifice  without  stretching  it.  The  pulmonary  orifice  and  artery 
were  first  laid  open  and  the  artery  was  apparently  somewhat  dilated,  but 
otherwise  normal.  The  aortic  orifice  was  then  opened  and  the  valves  were 
found  to  be  stretched  so  that  they  were  evidently  incompetent.  The  sinuses 
of  Valsalva  were  pouched,  and  the  borders  of  the  sinuses  as  well  as  the 
mouths  of  the  coronary  arteries  were  densely  sclerotic. 

An  aneurismal  sac  was  discovered  on  the  ascending  portion  of  the  aorta, 
extending  toward  the  right.  It  was  saccular  in  form,  and  about  two  and  one- 
half  inches  in  diameter.  The  endothelial  lining  was  roughened  and  had 
atheromatous  patches,  especially  in  the  upper  and  right  side  of  the  sac. 
There  were  a  few  soft  clots  within  the  aneurism,  but  nothing  suggesting  the 
formation  of  firm  coagula.  The  sac  compressed  the  superior  vena  cava  from 
its  entrance  into  the  right  auricle  to  the  point  of  junction  of  the  right  and 
left  innominate  veins.  The  latter  (left  innominate)  was  somewhat  com- 
pressed at  its  termination.  The  veins  above  the  point  of  compression  were 
greatly  distended.  (Fig.  3.)  The  aneurism  was  firmly  attached  to  the  vena 
cava,  and  a  perforation  was  found  in  the  latter  just  below  the  junction  of  the 
innominate  veiiis.  This  communication  was  about  a  half  inch  in  length  and 
a  quarter  inch  in  width.  The  perforation  occurred  in  the  part  of  the  aneu- 
rismal wall  in  which  the  atheromatous  plates  referred  to  were  found.    There 
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had  evidently  been  great  thinning  of  the  sac  wall  in  this  situation  for  some 
time  prior  to  the  time  of  rupture.    (Fig.  4.) 

The  lungs  were  intensely  oedematous,  and  on  section  a  large  amount  o^ 
frothy  serum  exuded.  In  places  there  were  small  hemorrhagic  extrava- 
sations. 

The  liver  was  congested,  though  not  extensively.  The  structure  was  in 
other  respects  quite  normal.  The  kidneys,  spleen,  and  other  abdominal 
organs  presented  no  noteworthy  features. 

It  was  quite  evident  at  the  first  examination  of  the  patient  that 
he  was  suffering  with  aneurism  of  the  first  part  of  the  aorta,  and  it 
was  also  clear  that  the  superior  vena  cava  had  become  obstructed. 
The  only  difficulty  in  the  case  was  the  determination  of  the  cause  of 
the  obstruction.  It  was  possible  that  this  might  be  due  to  a  sudden 
dilatation  (without  rupture)  of  an  aneurismal  sac,  or  to  a  clot  in  the 
vein,  or  to  the  condition  actually  present — rupture  of  the  aneurism. 
The  fact  that  aneurismal  sacs  may  suddenly  expand  under  the  in- 
fluence of  strains  is  of  course  well  known,  and  it  is  easily  possible 
that  such  a  dilatation  might  bring  about  a  sudden  compression  of 
the  vena  cava,  with  symptoms  like  these  described.  A  continued 
venous  bruit  might  further  be  caused  by  such  a  narrowing.  In 
the  second  place,  a  slow  thrombosis  of  the  vena  cava  above  a  con- 
striction caused  by  pressure  of  an  aneurism  could  also  terminate  in 
complete  venous  occlusion  by  separation  of  the  clot  and  its  lodge- 
ment lower  dosvn  in  the  narrowed  part  of  the  vein.  In  this  case, 
however,  the  symptoms  would  be  more  likely  to  develop  more 
slowly  than  was  the  case  in  our  patient,  though  the  immediate  effect 
of  such  a  thrombosis  with  secondary  dislodgement  would  be  a  sud- 
den obstruction  of  the  cava.  The  possibility  of  aneurismal  rupture 
causing  symptoms  such  as  were  present  is  well  illustrated  in  the 
thirty  cases  collected  by  Pepper  and  Griffith.  Their  analysis  showed 
the  principal  diagnostic  indications  to  be  the  following  : 

1.  Cyanosis,  oedema,  coldness,  and  distention  of  the  veins  of  the 
upper  part  of  the  body,  with  other  evidences  of  obstruction  to  the 
circulation  of  the  blood  in  the  tributaries  of  the  superior  vena  cava. 

2.  The  suddenness  of  the  onset  of  the  symptoms. 

3.  Evidences  from  physical  examination  of  the  presence  of  a 
tumor  in  the  thorax,  and  the  probability  that  this  is  aneurismal. 

4.  The  existence  of  a  murmur  characteristic  of  a  communication 
between  an  artery  and  a  vein. 
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These  symptoms  are  sufficiently  distinctive  to  establish  the  diag- 
nosis, particularly  if  the  last  is  well  marked.  The  only  difficulty 
in  my  own  case  was  the  fact  that  the  humming  diastolic  portion  of 
the  murmur  was  not  distinctive  after  the  first  examination,  and 
during  the  remaining  weeks  of  life  did  not  differ  greatly  from  the 
diastolic  element  of  a  murmur  caused  by  an  aneurism  of  the  aortic 
arch  with  dilatation  of  the  valve  orifice  or  by  simple  aortic  valve 
disease.  One  point  of  great  significance  was  the  right  lateral  trans- 
mission of  the  murmur  and  the  absence  of  the  murmur  over  the 
body  of  the  heart,  at  the  ensiform,  and  at  the  apex.  Regurgitant 
aortic  murmurs  are  so  commonly  propelled  in  these  directions  that 
it  seemed  clear  that  the  bruit  present  in  the  case  was  of  a  different 
sort.  On  this  ground  the  possibility  of  simple  constriction  of  the 
vena  cava  by  a  sudden  distention  of  the  sac  was  excluded,  and  the 
humming  murmur  referred  to  a  rupture  rather  than  to  a  venous 
stenosis  or  aortic  regurgitation.  The  autopsy  showed  the  likelihood 
of  the  existence  of  some  aortic  regurgitation,  but  this  had  certainly 
not  produced  characteristic  signs. 

A  matter  of  prognosis  of  interest  is  the  probable  duration  of  life 
and  the  possibility  of  cure.  In  the  case  of  Damaschino  and  Lavin, 
in  which  recovery  occurred,  there  is  sufficient  evidence  to  warrant 
the  diagnosis,  and  a  study  of  the  specimen  in  my  own  case  is  con- 
vincing that  recovery  might  occur.  After  the  venous  system  has 
been  engorged  the  backward  and  forward  flow  through  the  orifice 
of  the  rupture  is  apt  to  be  much  less  than  the  location  and  nature 
of  the  lesion  would  make  us  imagine.  Under  these  circumstances 
a  clot  might  form  that  would  obstruct  the  ruptured  aorta.  These 
considerations  would  lead  to  a  thought  regarding  treatment,  viz., 
that  too  active  venesection  may  do  injury  by  depleting  the  venous 
channels  and  thus  restoring  the  strength  of  the  systolic  current 
through  the  rupture.  Venesection  should  be  performed  when  the 
danger  to  life  is  excessive,  but  ought  to  be  moderate  in  the  amount 
of  blood  taken. 

As  to  the  duration  of  life,  the  analysis  of  published  cases  estab- 
lishes the  surprising  fact  that  some  cases  have  lived  for  weeks  and 
even  as  much  as  seven  months  after  the  rupture.  In  the  case  here 
reported  the  duration  was  twenty-four  days,  a  long  continuance 
considering  the  early  severity  of  the  symptoms  and  a  further  evi- 
dence of  the  possibility  of  occasional  recovery. 
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